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IN  1938  Dodds  and  his  coworkers  (1)  in  England  published  a  series  of  articles  on 
their  6'year  study  of  synthetic  estrogenic  hormones  related  to  the  stilbenes  and 
diphenylethane.  They  introduced  one,  4:4'dihydroxystilbene,  or  stilbestrol, 
which  produces  an  even  stronger  effect  in  animals  than  the  naturally  occurring  estro¬ 
gens.  This  was  the  parent  substance  from  which  have  been  developed  other  closely 
related  synthetic  substances  in  an  attempt  to  reduce  the  toxic  side  effects.  Two  of 
these  substances  are  diethylstilbestrol  (4;4'dihydroxy'alpha-beta'diethylstilbene) 
and  diethylstilbestrol  dipropionate.  The  compound,  4:4'dihydroxy'alpha-beta' 
diethylstilbene,  is  referred  to  in  current  literature  under  the  name  of  stilbestrol. 
Another  synthetic  substance,  hexystrol  (dihydroxydiphenylhexane),  has  been  de¬ 
veloped.  It  is  fully  saturated  and  may  prove  to  have  fewer  side  effects  than  stilbestrol 
and  therefore  be  less  toxic.  An  attempt  is  made  in  this  paper  to  correlate  some  of  the 
experimental  and  clinical  studies  on  stilbestrol. 

Pharmacology 

From  a  pharmacological  standpoint,  it  has  been  shown  that,  contrary  to  the 
opinion  previously  held,  the  phenanthrene  ring  system  is  not  necessary  for  the  pro¬ 
duction  of  estrogenic  activity.  Furthermore,  the  work  of  Varangot  (2)  on  dihydroxy¬ 
diphenylhexane  suggests  that  the  dihydroxydiphenyl  component  causes  the  toxic 
symptoms  rather  than  the  hydrocarbon  chain  which  is  common  to  both  stilbestrol 
and  dihydroxydiphenylhexane.  Another  synthetic  relative,  diethylstilbestrol  di¬ 
propionate,  has  fewer  toxic  side  effects  and  is  active  in  smaller  doses  and  over  a 
longer  period  of  time  than  stilbestrol. 

According  to  Dodds  and  others  (3),  the  potency  of  stilbestrol  is  3  or  4  times 
greater  than  that  of  estrone.  In  addition,  stilbestrol  has  the  advantage  of  being  almost 
as  potent  orally  as  parenterally,  although  Shorr  and  Papanicolaou  (4)  say  it  loses 
approximately  50%  of  its  activity  by  the  oral  route.  In  contrast,  naturally  occurring 
estrogens  lose  95%  of  their  activity  when  given  by  this  route.  Shorr  (4)  advances 
the  following  interesting  speculation  in  regard  to  this  difference  between  the  effec¬ 
tiveness  of  synthetic  and  natural  estrogens.  The  liver  is  known  to  remove  large 
amounts  of  natural  estrogens  from  the  circulation,  thereby  possibly  preventing  a 
biologically  harmful  excess.  Since  the  oral  substance  loses  some  of  its  effectiveness 
when  continued  over  long  periods  of  time,  does  the  liver  gradually  acquire  the  means 
of  inactivating  the  synthetic  process? 
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Shorr  and  his  coworkers  (4)  found  estradiol  benzoate  to  be  3  or  4  times  more 
active  than  stilbestrol  when  injected  parenterally.  Using  the  Allen-Doisy  test,  Kreit' 
mar  and  Seickmann  (5)  found  that,  in  the  mouse,  estrone,  stilbestrol  and  its  diacetate 
were  of  about  the  same  potency.  The  propionate  was  one'third  as  active  as  stilbestrol. 
In  the  rat  stilbestrol  and  its  diacetate  were  5  times  as  active  as  estrone,  or  about  equal 
to  estradiol  benzoate.  Per  os  activity  of  stilbestrol  was  20  times  that  of  estrone  and 
5  to  6  times  that  of  estradiol  benzoate.  The  discrepancy  among  the  tests  of  efficiency 
in  different  animals  shows  again  the  importance  of  human  assays. 

Biologic  Standardization 

Stilbestrol  is  standardized  according  to  the  Allen^Doisy  method  for  estrogenic 
hormones.  The  amount  is  determined  which,  when  given  subcutaneously  in  2  frac' 
tional  doses  at  8'hour  intervals  to  mature  ovariectomized  rats  weighing  from  140 
to  150  gm.,  will  produce  estrus.  This  must  occur  in  60%  of  a  series  of  10  animals 
within  48  to  72  hours  and  is  determined  by  means  of  the  vaginal  smear.  When 
standardized  in  this  manner,  i  mg.  of  4:4'dihydroxy'a'/3'diethylstilbene,  or  stilbes- 
trol,  has  the  same  activity  as  25,000  i.u.  of  estrone  and  the  dipropionate  has  a  potency 
of  20,000  I.u.  per  milligram. 

Elimination 

Irrespective  of  dose,  excretion  of  the  stilbene  preparations  begins  in  approxi- 
mately  5  hours  after  administration  and  reaches  its  peak  in  12  hours.  It  continues 
through  the  fifth  day  and  therefore  this  is  the  optimum  time  for  injection  of  the 
second  dose.  If  the  fluid  intake  is  restricted,  the  effect  naturally  is  prolonged  some' 
what.  The  short  duration  of  estrus  in  experimental  animals  is  evidence  of  the 
rapidity  with  which  these  drugs  are  excreted. 

Experimental  Findings 

Many  attempts  have  been  made  to  prove  the  similarity  of  stilbestrol  to  the 
naturally  occurring  estrogens  by  animal  experimentation.  The  following  examples 
are  taken  from  the  current  literature. 

Leighty  and  Wick  (6)  found  that  in  spayed  mice  either  injection  or  percutaneous 
administration  of  stilbestrol  in  conjunction  with  progesterone  produced  results 
comparable  to  those  secured  with  estrone  in  causing  estrus  and  inducing  sexual 
receptivity.  Palmer  and  Zuckerman  (7)  tested  the  drug  by  producing  sensitization 
of  the  endometrium  in  spayed  monkeys  to  allow  for  progestational  differentiation. 
They  found  that  the  effect  of  intravaginal  application  in  spayed  mice  was  similar  to 
that  of  estrone.  As  a  test  of  percutaneous  absorption  they  painted  the  necks  of  10 
spayed  mice  with  stilbestrol  in  oil  and  produced  estrous  changes  in  50%  of  the  ani- 
mals.  They  stated  that  stilbestrol  inhibits  the  effects  of  injected  androgens  on  comb 
growth  in  capons  when  injected  but  not  when  administered  by  inunction.  Since  the 
naturally  occurring  estrogens  and  progesterone  accomplish  this  by  percutaneous 
administration,  it  is  suggested  that  here  possibly  is  an  indication  as  to  the  difference 
between  the  synthetic  and  the  natural  substances. 

Zondek  and  Marx  (8)  noted  that  in  cocks  the  combs  begin  to  shrivel,  become 
anemic  and  ultimately  drop  within  2  weeks  of  injection  with  stilbestrol.  It  is  known 
from  previous  work  with  rats  and  chickens  that  they  can  be  transformed  into  eunu' 
choid  dwarfs  by  prolonged  treatment  with  estrogenic  hormone;  that  a  high  degree  of 
lipemia  occurs  (up  to  80  times  normal)  which  causes  the  death  of  the  animals;  and 
that  the  calcium  content  of  the  blood  may  double.  Zondek  and  Marx  in  their  work 
with  rats  and  chickens  found  that  estradiol  benzoate  was  2}^  times  as  effective  as 
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estrone  in  producing  these  effects.  The  results  obtained  with  stilbestrol  were 
comparable  to  those  obtained  with  estradiol  benzoate.  Since  cholesterol  and  the  sterols 
do  not  produce  these  phenomena,  they  may  be  considered  as  specific  tests  for  estro' 
genic  substances. 

Dodds  and  his  coworkers  (9)  showed  that  the  action  of  stilbestrol  on  the  anterior 
pituitary  is  similar  to  that  of  estrone.  It  inhibits  the  growth  of  immature  animals 
when  implanted  under  the  skin.  Prolonged  use,  according  to  these  authors  causes 
atrophy  of  the  ovaries,  testes,  prostate  and  seminal  vesicles  and  an  increase  in  weight 
of  the  adrenals.  However,  when  treated  with  pregnancy  urine  extract,  these  atrophic 
ovaries  show  an  increase  in  weight.  It  is  therefore  assumed  that  the  primary  action 
of  stilbestrol  is  on  the  pituitary  and  that  ovarian  atrophy  is  secondary.  Stilbestrol 
can  inhibit  the  progestational  phase  in  animals  and  thus  prevent  or  terminate  an 
early  pregnancy. 

The  experimental  studies  in  animals  just  reported  by  Mellish  and  his  coworkers 
(10)  in  effect  substantiate  the  results  obtained  by  other  workers  in  producing  growth 
and  development  of  the  immature  rabbit  uterus  and  in  sensitizing  it  to  progesterone. 
They  also  found  that  stilbestrol  reduces  the  gonadotropic  potency  of  the  anterior 
pituitary  in  the  female  but  has  little  action  on  the  hypophysis  of  the  male. 

Another  experimental  proof  of  the  estrogenic  potency  of  stilbestrol  is  its  ability 
to  produce  cancer.  Lacassagne  (i  i)  showed  that  in  carcinogenic  strains  of  mice  this 
substance  produces  mammary  adenocarcinoma  in  males  as  effectively  as  the  non- 
synthetic  substance.  And  Geschickter  (12)  reported  mammary  carcinoma  in  normal 
rats  treated  with  stilbestrol  as  well  as  with  the  naturally  occurring  estrogens. 

Clinical  Results 

Those  who  have  used  stilbestrol  clinically  do  not  question  its  ability  to  control 
the  symptoms  of  the  menopause.  By  vaginal  smear  and  vaginal  biopsies,  ample  labora' 
tory  proof  can  be  added  to  the  subjective  improvement  shown  by  the  patients. 
Short  and  his  coworkers  (4)  stated,  however,  that  their  patients  have  a  greater  sub' 
jective  sense  of  welhbeing  on  natural  estrogens  than  on  the  synthetic  drug.  Whether 
this  is  due  to  freedom  from  toxic  side  effects  or  to  some  quality  inherent  in  the  natural 
product,  the  authors  did  not  know. 

In  a  series  of  cases  treated  at  the  University  of  California  Endocrine  Clinic, 
Goldberg  (13)  noted  the  similarity  between  the  unpleasant  side  effects  and  the 
symptoms  of  early  pregnancy.  Lisser  (14),  from  the  same  clinic,  reported  that  in 
women  excessive  pigmentation  about  the  nipples  developed  when  the  drug  was 
administered  by  mouth  or  by  injection,  but  it  was  particularly  noticeable  when  the 
drug  was  applied  directly  to  the  breasts  as  an  inunction. 

Other  clinical  proofs  of  the  estrogenic  properties  of  stilbestrol  are  typical  with' 
drawal  bleeding  and  the  inhibition  of  lactation  when  it  is  used  following  stillbirths, 
etc.  It  is  generally  agreed  that  in  uterine  hypoplasia  stilbestrol  can  produce  growth 
in  both  human  beings  and  animals.  There  are  only  a  few  reports  concerning  its  ac' 
tivity  in  primary  amenorrhea,  but  Shorr  and  his  coworkers  (4)  cite  the  production  of 
withdrawal  bleeding  in  2  cases.  All  investigators  agree  that  in  secondary  amenorrhea 
it  gives  a  high  percentage  of  good  results.  In  senile  vaginitis  with  kraurosis  the  re' 
suits  are  good  with  fairly  high  dosage.  Some  of  these  patients  even  exhibited  with' 
drawal  bleeding  although  they  had  passed  through  the  menopause  some  time  before. 

Dosage 

The  dosage  used  in  the  administration  of  stilbestrol  varies  considerably.  In  one 
series  the  dose  ranged  from  i  mg.  per  day  for  one  week  to  30  mg.  per  day  for  from 


i64 


DOROTHY  W.  ATKINSON 


Volume  27 


2  to  3  weeks.  One  patient  received  1,320  mg.  over  a  period  of  4  months.  However, 
the  average  conservative  dose  is  i  mg.  daily  by  mouth  or  injection.  In  a  report,  the 
Therapeutic  Trials  Committee  of  the  Medical  Research  Council  in  England  recom¬ 
mends  a  minimum  dose  of  5  mg.  daily  for  one  week  with  a  subsequent  reduction  as 
indicated. 

Toxic  Effects 

There  is  a  great  deal  of  confusion  over  the  extent  of  the  toxic  effects  of  stilbestrol. 
One  possible  explanation  for  the  differences  of  opinion  is  that  some  investigators  are 
much  more  conservative  in  their  dosage  than  others.  Some  workers  state  that  no 
toxic  effects  result  from  parenteral  therapy  and  that  the  nausea  is  purely  gastric  in 
origin.  The  English  workers  in  particular  dismiss  lightly  the  unpleasant  symptoms. 
One  group  believes  that  putting  the  drug  into  gelatin-covered  capsules  is  enough  to 
correct  the  difficulty.  Others  believe  the  toxic  symptoms  wear  off  on  continued  ad¬ 
ministration.  Of  more  importance  than  these  comments  on  the  recognized  milder 
unpleasant  effects  are  the  serious  and  specific  reports  of  organic  changes.  Among  the 
less  frequently  noted  disturbances  have  been  skin  rashes,  a  case  of  acute  psychosis, 
paresthesias,  marked  thirst  and  purpuric  manifestations.  Tislowitz  (15)  observed 
granulocytopenia  and  anemia  in  dogs  receiving  5  mg.  daily  for  25  to  50  days.  Buxton 
and  Engle  (16)  reported  that  albuminuria  and  casts  developed  in  one  patient  during 
treatment  while  urinary  findings,  before  and  at  a  later  date,  were  negative. 

The  possibility  of  liver  damage  has  been  the  chief  concern  of  most  investigators 
and  numerous  reports  of  moderate  hepatic  dysfunction  have  been  made  (2,  17). 
Various  liver  function  tests  have  been  used.  In  general  investigators  have  concluded 
that  because  of  the  variability  of  results  in  their  own  series  and  the  transient  char¬ 
acter  of  the  decrease  in  function,  liver  damage  remains  a  question.  In  human  beings, 
neither  cases  of  severe  toxic  jaundice  nor  deaths  have  been  reported.  However,  Selye 
(18)  found  in  studies  on  mice  and  rats  that  both  stilbestrol  and  estradiol  produced 
death  from  liver  damage  when  given  in  very  high  doses.  The  animals  had  a  marked 
icterus  and  some  of  them  had  hemorrhagic  pneumonia.  The  dose  of  stilbestrol  varied 
from  I  mg.  daily  to  single  doses  of  5  and  10  mg.  Estrone  was  found  to  be  less  toxic 
than  stilbestrol  or  estradiol. 

In  conclusion  a  brief  summary  is  presented  of  the  reports  of  the  American 
workers  who  have  done  their  investigations  under  the  auspices  of  the  Council  of 
Pharmacy  and  Chemistry  of  the  American  Medical  Association.  Shorr,  Robinson 
and  Papanicolaou  (4)  concluded  that  stilbestrol  is  actively  estrogenic  in  the  human 
being,  that  it  is  less  active  parenterally  than  estradiol  benzoate  but  more  effective  by 
mouth.  These  authors  placed  the  oral  unit  between  2  and  4  mg.  Toxic  symptoms  de¬ 
veloped  in  80%  of  a  series  of  44  cases.  They  considered  these  to  be  of  central  origin 
since  they  followed  either  oral  or  parenteral  administration.  They  found  no  correla¬ 
tion  between  the  size  of  the  dose  and  the  toxic  manifestations.  These  investigators 
feel  that  until  the  nature  of  the  side  effects  is  understood  and  the  danger  of  latent 
or  serious  consequences  is  disproved,  the  drug  is  not  suitable  for  use  in  human  beings 
and  should  be  confined  to  experimental  studies  carried  out  by  qualified  investigators 
only. 

Buxton  and  Engle  (16)  after  a  study  of  17  cases  stated  that  the  effects  observed 
in  women  and  the  abundance  of  data  on  progressive  effects  in  animals  should  raise  a 
reasonable  doubt  as  to  whether  these  substances  may  be  given  with  impunity. 

MacBryde,  Freeman  and  Loeffel  (19),  in  a  study  of  37  patients  found  a  minimum 
of  toxic  reactions  but  stated  that  their  dosage  averaged  only  i  mg.  per  day.  It  was  not 
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necessary  to  withdraw  the  drug  in  any  of  their  cases.  However,  they  produced  throm' 
bocytopenia  in  animals  with  very  large  doses  of  stilbestrol. 

The  value  of  the  synthetic  estrogens,  as  compared  with  the  natural  estrogens, 
lies  in  their  lower  cost  and  their  high  oral  potency.  If  the  toxic  side  effects  can  be 
reduced  or  eliminated  by  further  chemical  refinements,  it  seems  probable  that  the 
natural  estrogens  will  be  eliminated  in  clinical  practice  or  that  their  cost  will  be 
reduced. 
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THE  PROBLEM  OF  HORMONAL  DISTRIBUTION 
AS  CONTROLLED  BY  TISSUE  UPTAKE^ 
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NEW  YORK  CITY 

The  etiology  of  various  endocrine  syndromes  was  usually  considered  to  be  a 
hypO'  or  hyperfunction  of  a  gland.  When  this  was  found  to  be  an  inadequate 
explanation  for  certain  of  the  syndromes,  the  term  “dysfunction”  was  added. 
This  term  implied  more  but  explained  less;  we  understood  that  when  an  abnormal 
function  occurred  it  was  due  entirely  to  an  improper  functioning  of  the  gland  in  ques' 
tion.  We  lost  sight  of  the  important  fact  that  for  an  endocrine  function  to  take  place 
it  is  essential  to  have  a  gland  that  stimulates  and  a  tissue  that  responds.  It  is  this 
tissue  responsiveness  that  concerns  us  here.  The  following  example  will  illustrate 
this  point. 

The  ovary  supplies  estrogenic  hormone  to  the  entire  genital  tract,  specifically  to 
the  vagina,  the  cervix,  myometrium,  endometrium  and  tubes,  in  addition,  to  those 
tissues  implied  by  the  general  term,  secondary  sex  characteristics.  Here  we  include 
the  breasts,  the  skin,  the  hair  follicles,  the  general  musculature,  the  skeleton  and  the 
nervous  system.  What  factors  control  the  amount  of  estrogenic  hormone  that  each 
tissue  takes  out  of  circulation,  providing  that  the  amount  supplied  by  the  ovary  is 
adequate?  Under  what  circumstances  will  a  given  tissue  take  more  or  less  estrogenic 
hormone  out  of  circulation  than  its  allotted  share?  Such  variations  in  tissue  uptake 
of  estrogenic  hormone  must  give  rise  to  various  syndromes  whose  etiology  is  not  due 
to  the  amount  of  hormone  produced,  but  rather  to  the  local  tissue  mechanism  which 
controls  the  local  quantitative  uptake  of  hormone.  Our  knowledge  concerning  these 
local  mechanisms,  possibly  enzyme  systems,  is  still  very  meager.  On  the  other  hand, 
certain  clinical  syndromes  make  such  assumptions  plausible. 

The  problem  of  local  tissue  uptake  of  estrogenic  hormone  first  presented  itself 
to  us  in  the  clinical  syndrome  of  cystic  glandular  hyperplasia  of  the  endometrium. 
The  condition  is  considered  to  be  due  to  either  an  absolute  or  relative  excess  of  estro' 
genic  hormone.  It  can  be  produced  experimentally  in  ovariectomized  women  by  the 
injection  of  large  quantities  of  estrogenic  hormone  (200,000  to  500,000  i.u.).  We 
therefore  expected  to  find  evidence  of  an  increased  production  of  estrogenic  hormone 
in  cases  of  cystic  glandular  hyperplasia  of  the  endometrium,  by  finding  excessively 
high  estrogenic  titers  in  the  blood  and  urine  of  these  patients.  On  the  contrary,  the 
values  found  were  smaller  than  normal,  and  in  the  majority  of  cases  we  were  unable 
to  demonstrate  any  estrogenic  hormone  in  either  the  blood  or  the  urine.  Hence  we 
lacked  direct  evidence  for  the  assumption  that  this  clinical  syndrome  was  due  to  an 
excessive  production  of  estrogenic  hormone.  The  possibility  then  arose  that  the  ex' 
cessive  amount  of  estrogenic  hormone  was  taken  out  of  circulation  so  completely 
and  rapidly  that  we  were  unable  to  find  it.  The  following  clinical  evidence  was 

*  Aided  by  a  Grant  from  the  Ciba  Pharmaceutical  Products,  Inc.  ' 
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against  such  an  assumption.  Cystic  glandular  hyperplasia  of  the  endometrium  was 
observed  in  a  number  of  adult  patients  in  whom  the  genital  tract  and  breasts  were 
definitely  hypoplastic,  in  spite  of  the  long  duration  of  the  disease.  If  then  there 
existed  an  excessive  amount  of  estrogenic  hormone,  why  were  these  tissues  not 
stimulated  to  further  growth?  We  believe  that  cystic  glandular  hyperplasia  of  the 
endometrium  can  be  due  to  a  local  change  in  the  metabolism  of  the  endometrium, 
wherein  this  tissue  takes  a  greater  amount  of  estrogenic  hormone  out  of  circulation 
than  it  does  normally,  and  even  when  the  hormonal  supply  is  less  than  normal  (as 
evidenced  by  the  marked  breast  and  genital  hypoplasia). 

The  following  two  cases*  illustrate  the  hormonal  imbalance  between  the  breasts 
and  the  genital  tract;  continuous  and  progressive  growth  on  the  part  of  the  former 
and  hypoplasia  as  well  as  atrophy  on  the  part  of  the  latter. 

Case  I.  O.H.,  aged  18,  complained  of  irregular,  scanty  and  frequent  periods.  Menses 
began  at  16,  4'week  type,  lasting  3  to  4  days,  moderate  in  amount  and  without  pain.  These 
periods  lasted  for  6  months  and  were  followed  by  an  amenorrhea  of  2  years  duration.  The 
breasts  grew  to  moderate  size.  During  the  past  6  months  the  periods  recurred,  every  21  days 
lasting  less  than  a  day,  very  scant  and  without  pain.  Simultaneously  with  the  recurrence  of 
periods  the  breasts  began  to  grow  very  rapidly  and  are  still  growing  at  the  present  time. 

The  patient  was  a  short,  stocky  young  girl.  Head  and  neck  were  normal.  The  breasts 
were  very  large,  full,  tense,  engorged,  resembling  large  breasts  during  pregnancy,  but 
without  the  pigmentation.  Abdominal  findings  were  negative.  External  genitalia  were 
hypoplastic  and  resembled  those  of  a  girl  of  8  or  9  years.  The  labia  w'ere  not  covered  by 
hair  although  scanty  pubic  hair  was  present.  Rectal  examination  revealed  a  small  hypoplastic 
uterus  corresponding  to  one  seen  in  a  girl  of  10  to  12  years.  The  adnexae  were  normal. 
Diagnosis  was  ovarian  dysfunction,  for  want  of  a  better  designation. 

Case  2.  E.K.,  aged  15,  complained  of  irregular  periods,  fatigue,  gain  in  weight  which 
w'as  “mainly  in  the  bust.”  Menses  began  at  12  years,  4  to  8'week  type,  lasting  2  to  3  days, 
scant  and  without  pain.  The  last  4  periods  came  at  8'week  intervals.  During  the  past  year 
her  previously  normal  breasts  began  to  grow  rapidly  and  have  continued  to  grow  since. 

The  patient  was  a  short,  stocky,  rather  pale  young  girl.  Height  was  63^^  inches,  weight, 
141  pounds.  Pulse  was  88,  blood  pressure,  120  '80.  Head  and  neck  were  normal.  The  breasts 
were  very  large,  tense,  not  tender,  covered  by  numerous  stria,  nipples  small,  not  much 
glandular  tissue  palpable.  Abdominal  findings  were  negative.  The  external  genitalia  showed 
a  normal  hair  distribution,  and  of  normal  size  for  the  patient’s  age.  Rectal  examination  re¬ 
vealed  a  very  small,  hypoplastic  uterus.  Adnexae  were  normal. 

Blood  count-showed  a  moderate  anemia. 

B.M.R. — minus  13%. 

FSH  in  urine — none  found. 

Estrogen  in  urine — none  found. 

Diagnosis:  Ovarian  dysfunction.’ 

DISCUSSION 

The  breasts  in  both  girls  were  very  large,  in  fact  larger  than  those  seen  in  any 
normal  pregnant  adult  woman  (photographs  were  not  permitted).  The  breasts  were 
still  growing,  but  in  spite  of  this  the  genital  tracts  were  extremely  hypoplastic,  and 
in  the  second  case,  the  uterus  was  growing  progressively  smaller  during  the  period 
of  observation.  The  menstrual  function  in  both  patients  was  suggestive  of  ovarian 

’  Case  I  was  seen  through  the  courtesy  of  Dr.  Wilbert  Sachs  and  case  2  through  the  courtesy  of 
Prof.  L.  Adler. 

’  Addendum.  The  patient  was  given  moderate  doses  of  thyroid  and  small  doses  of  estrogenic 
hormone  by  mouth.  The  menses  became  regular,  at  4'week  intervals,  and  more  profuse.  The  breasts 
ceased  growing,  and  become  less  engorged  and  tense.  Estrogenic  hormone  appeared  in  the  urine  (more 
than  6  r.u.  per  liter). 
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hypofunction.  Several  theoretical  explanations  suggest  themselves.  Either  the  genital 
tract  was  resistant  to  the  gonadal  hormones  or  the  breasts  were  extremely  susceptible 
to  them  (inadequate  or  excessive  hormonal  uptake).  In  either  case,  we  are  dealing 
with  fundamental  metabolic  disturbances  of  the  tissues  which  utilize  estrogens 
(and  progesterone).  A  third  possibility  exists,  namely,  that  other  estrogens  may  be 
formed  (aside  from  estradiol,  estrone  and  estriol)  which  “fit”  one  tissue  more  than 
another,  in  these  cases,  the  breasts  more  than  the  genital  tract. 

SUMMARY 

Two  cases  are  presented  with  extraordinary  growth  of  the  breasts  in  the  presence 
of  genital  hypoplasia  and  hypofunction.  It  is  suggested  that  the  cause  of  this  im- 
balance  lies  in  the  tissues  utilizing  the  gonadal  hormones.  The  breasts  take  out  of 
circulation  more  than  their  “allotted”  share  of  hormone,  leaving  less  hormone  for 
the  remaining  tissues. 

The  authors  wish  to  express  their  appreciation  to  Professor  Benjamin  P.  Watson  for  his  helpful 
counsel. 


URINARY  EXCRETION  OF  PREGNANDIOL 
COMPLEX  BY  MALES 

I.  FOLLOWING  ITS  ORAL  ADMINISTRATION^ 

E.  C.  HAMBLEN,  W.  KENNETH  CUYLER^  and  D.  V.  HIRST 
From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecology, 
Dul{e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

SINCE  it  has  been  shown  that  in  the  female  variations  in  renal  permeability  alter 
the  amount  of  pregnandiol  complex  excreted,  a  study  of  the  elimination  of  this 
compound  by  the  kidneys  of  the  male  seemed  advisable.  These  studies  were 
initiated  prior  to  the  appearance  of  the  report  by  Buxton  and  Westphal  (i)  describing 
the  urinary  excretion  of  the  pregnandiol  complex  following  injections  of  progesterone 
in  males.  Because  of  the  observations  which  are  made  upon  the  percentage  recovery 
in  the  urine  of  the  pregnandiol  complex  and  upon  the  time  required  for  complete 
urinary  excretion  of  a  single  oral  dose  of  the  compound,  these  data  are  presented. 

METHOD 

A  group  of  6  healthy  males,  whose  ages  ranged  from  25  to  38  years,  was  given 
hy  mouth  single  doses  of  sodium  pregnandiol  glucuronide*  amounting  to  either  10 


Table  i.  Urinary  excretion  of  pregnandiol  complex  after  single  oral  doses  of  Na 

PREGNANDIOL  GLUCURONIDE 


Subject 

Amt.  of  pregnandiol  complex, 
taken  orally 

Total  amt.  pregnandiol 
complex,  recovered 

Recovery 

mg. 

mg. 

% 

HP. 

10 

5 

50 

JO 

II 

J6.6 

10 

0 

0 

K.C. 

10 

0 

0 

JO 

0 

0 

JO 

5 

16.6 

V.H. 

JO 

JO 

100 

BE. 

JO 

14 

46.6 

J.P. 

JO 

II 

J6.6 

B.A. 

JO 

10 

JJ.J 

*  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  by  funds  available  from  grants  to 
one  of  us  (E.C.H.)  by  the  Research  Council  of  Duke  University  and  by  the  Schering  Corporation, 
Bloomfield,  N.J. 

*  Ciba  Fellow  in  Clinical  Endocrinology. 

’  Supplied  by  Ayerst,  McKenna  y  Harrison,  Montreal,  Canada. 

169 


170 


E.  C.  HAMBLEN,  W.  KENNETH  CUYLER  AND  D.  V.  HIRST  Volume  17 


mg.  or  30  mg.  All  urine  excreted  after  the  oral  doses  was  collected  in  24'hour  samples 
for  3  to  10  days.  Its  content  of  the  pregnandiol  complex  was  determined  by  the  im' 
proved  method  of  Venning  (2).  The  total  amount  of  Na  pregnandiol  glucuronide  in 
mg.  present  was  calculated. 

RESULTS 

The  results  of  these  studies  are  presented  in  table  i. 

Figure  i  illustrates  the  relationship  between  time  of  administration  of  the  oral 
dose  of  Na  pregnandiol  glucuronide  and  the  time  of  completed  urinary  clearance  of 
the  pregnandiol  complex. 


O  NUMERALS  IN  SQUARE  SIGNIFY  TOTAL  EXCRETION 
OF  SODIUM  PREGNANDIOL  GLUCURONIDE. 

O  NUMERALS  IN  CIRCLE  SIGNIFY  TOTAL  DOSAGE  OF 
SODIUM  PREGNANDIOL  GLUCURONIDE  IN  MILLIGRAMS 


Fig.  I.  The  urinary  excretion  of  the  pregnandiol  complex  following  oral  administration 
OF  SODIUM  pregnandiol  glucuronide  to  males.  The  total  amount  of  the  pregnandiol  complex  excreted 
and  the  time  required  for  urinary  clearance  of  the  pregnandiol  complex  is  illustrated. 

DISCUSSION 

A  large  amount,  as  a  rule  between  30  and  50%,  of  the  Na  pregnandiol  glucuronide 
given  by  mouth  is  excreted  unchanged  by  the  kidneys.  Perhaps,  thfe  remainder,  for 
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the  most  part,  is  eliminated  in  the  feces.  No  studies  of  this  source  of  elimination  have 
been  encountered. 

There  seem  to  exist  individual  differences  in  the  ability  to  excrete  the  pregnan' 
diol  complex.  One  subject  failed  on  3  occasions  to  excrete  any  of  the  substance,  while 
another  excreted  100%  of  it.  These  variations  may  be  due  to  differences  in  gastro' 
intestinal  absorption  or  renal  permeability.  It  is  interesting  to  observe  that  the  sub' 
ject  who  failed  to  excrete  any  of  the  pregnandiol  complex  after  oral  administration, 
excreted  average  amounts  of  it  during  intramuscular  injections  of  progesterone. 
Hence,  it  seems  likely  that  this  failure  was  due  to  poor  gastro-intestinal  absorption 
rather  than  to  any  renal  factors. 

The  time  required  for  the  complete  elimination  by  the  kidneys  of  a  single  dose 
(10  to  30  mg.)  of  the  pregnandiol  complex  varied  from  3  to  5  days.  This  is  comparable 
to  that  required  after  injections  of  progesterone.  Whether  this  is  an  expression  of 
slow  gastrointestinal  absorption  or  of  slow  renal  filtration  cannot  be  determined  from 
these  data.  Studies  after  the  intravenous  or  intramuscular  administration  of  the  sub' 
stance  should  permit  a  definite  statement  in  this  regard. 

Further  studies  should  be  made  on  the  urinary  clearance  of  the  pregnandiol  com' 
plex.  Data  collected  in  this  regard  may  have  direct  bearing  on  the  kidneys’  ability  to 
excrete  the  other  sex  sterols  in  glucuronide  combination. 

SUMMARY 

Single  oral  doses  of  10  and  30  mg.  of  sodium  pregnandiol  glucuronide  were  given 
6  healthy  males  and  their  urinary  excretion  of  this  compound  studied  by  the  method 
of  Venning.  Within  3  to  5  days  most  subjects  excreted  in  the  urine  from  30%  to  50% 
of  the  substance  ingested.  One  subject  failed  to  excrete  any  of  the  pregnandiol  com' 
plex.  GastrO'intestinal  absorption  and  renal  filtration  of  this  compound  are  discussed. 

We  acknowledge  our  indebtedness  and  gratitude  to  the  6  men  who  volunteered  to  help  in  these 
studies. 
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URINARY  EXCRETION  OF  PREGNANDIOL 
COMPLEX  BY  MALES 

II.  FOLLOWING  INTRAMUSCULAR  ADMINISTRATION  OF  PROGESTERONE^ 

E.  C.  HAMBLEN,  W.  KENNETH  CUYLER*  and  D.  V.  HIRST 
From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecology, 
Dul(e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

Studies  by  Venning  and  Browne  (i)  and  by  members  of  our  group  (2)  have  in' 
dicated  that  a  number  of  factors  is  associated  with  the  metabolism  of  endog' 
enous  progestin  and  its  ultimate  excretion  as  sodium  pregnandiol  glucuronide; 
an  important  one  of  these  apparently  is  the  functional  adequacy  of  the  endometrium 
(2).  Furthermore,  members  of  our  group  (2,  3)  and  Stover  and  Pratt  (4)  have  reported 
that,  in  the  case  of  the  female,  exogenous  progesterone,  when  given  intramuscularly  in 
oily  solution,  apparently  is  not  metabolized  into  the  pregnandiol  complex  to  any  sig' 
nificant  degree.  It  has  been  suggested  that  this  might  be  the  cause  of  the  poor  endo' 
metriotropic  responses  commonly  observed  following  this  form  of  therapy  in  patients 
with  estrogenic  bleeding.  In  view  of  these  gynecologic  findings,  it  seemed  advisable 
to  investigate  the  metabolism  of  exogenous  progesterone  by  healthy  males. 

While  these  studies  of  ours  were  under  way,  the  observations  of  Buxton  and 
Westphal  (5)  were  reported.  These  workers  reported  the  demonstration  of  the  preg' 
nandiol  complex  in  the  urines  of  2  males  with  Addison’s  disease  and  of  one  healthy 
male,  all  of  whom  had  been  receiving  daily  injections  of  30  mg.  of  progesterone.  In 
view  of  this  report,  our  studies  were  extended  and  are  reported  at  this  time. 

METHOD 

Our  first  step  was  to  investigate  the  renal  permeability  of  the  male  to  ingested 
Na  pregnandiol  glucuronide.  The  previous  paper  dealt  with  this  phase  of  the 
studies. 

Progesterone  in  oiP  in  concentration  of  10  mg.  to  1  cc.  of  oil,  was  given  intra¬ 
muscularly  to  6  apparently  healthy  males,  whose  ages  ranged  from  23  to  38  years. 
These  subjects  had  volunteered  for  these  studies.  Two  general  plans  of  treatment 
were  followed:  the  use  of  a  single  injection  of  20  mg.;  and  the  employment  of  series 
of  injections  in  daily  doses,  which  ranged  from  10  to  30  mg.,  for  4  days.  Following  the 
use  of  a  single  injection,  all  urine  was  collected  in  24'hour  samples  for  72  hours  after 
the  injection  was  given.  Following  the  use  of  daily  injections  for  4  days,  collection  of 
urine  was  started  at  the  time  of  the  first  injection  and  continued,  as  24'hour  samples, 
for  5  to  13  days.  Each  24'hour  specimen  of  urine  collected  was  quantitated  by  the 
improved  method  of  Venning  (6),  for  its  total  content  of  Na  pregnandiol  glucuronide. 
The  method  of  calculation  and  correction,  advised  by  Venning,  was  employed  by  us. 
Melting  points  were  determined  on  single  precipitates  when  possible;  on  some  oc' 

*  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  by  funds  available  from  grants  to 
one  of  us  (E.C.H.),  by  the  Research  Ckauncil  of  Duke  University  and  by  the  Schering  Corporation, 
Bloomfield,  N.  J. 

*  Ciba  Fellow  in  Clinical  Endocrinology. 

’  Proluton,  supplied  by  the  Schering  Corporation,  Bloomfield,  N.  J. 
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casions  pcx)led  precipitates  were  necessary  for  these  determinations.  Results  were  re- 
ported  as  total  Na  pregnandiol  glucuronide  (in  mg.)  calculated  to  have  been  present. 

RESULTS 

Single  intramuscular  injections  of  ^o  mg.  of  progesterone  were  given  to  3  sub' 
jects.  The  urinary  titers  of  the  pregnandiol  complex  of  their  urines  were  determined 
for  72  hours  after  these  injections.  These  data  are  summarized  in  table  1 . 


Table  i.  Urinary  excretion  of  pregnandiol  complex  after  single  injections  of  progesterone 


Subject 

Amt.  progesterone  injected 

1 

Total  amt.  pregnandiol  complex  recovered 

mg. 

mg. 

G.B. 

20 

0 

K.C. 

20 

0 

V.H. 

20 

2 

Series  of  4  equal  daily  injections  of  progesterone,  varying  from  10  to  30  mg.,  were 
given  to  5  subjects  and  daily  24'hour  specimens  of  urine  collected  from  the  time  of  the 
first  injection  and  for  varying  lengths  of  time  after  the  last  injection.  The  content  of 
the  pregnandiol  complex  of  these  specimens  was  determined.  Table  2  summarizes 
these  data. 


Table  2.  Urinary  excretion  of  pregnandiol  complex  after  series  of  daily  injections  of  progesterone 


Subject 

Total  amt. 
progesterone 
injected 

Total  amt. 
pregnandiol 
complex 
recovered 

Pregnandiol 
complex,  as 
jjercentage 
theoretical 
yield 

Recovery 
computed 
as  free 
pregnandiol 

Melting 
points  of 
precipitates 

K.C. 

mg. 

120 

mg. 

17 

% 

13.1 

mg. 

16 

256°C. 

80 

28 

20.5 

17 

270°C. 

80 

20 

14-7 

12 

40 

14 

20.6 

8 

V.H. 

X20 

40 

19.6 

25 

263  “C. 

120 

66 

32.4 

39 

269°C. 

270  °C. 
272°C. 

80 

7 

5.1 

4 

40 

12 

17.7 

7 

270°C. 

S.A. 

80 

12 

8.8 

7 

276°C. 

40 

19 

42.6 

17 

276°C. 

E.G. 

120 

13 

6.4 

7 

J. 

80 

0 

0.0 

0 

40 

0 

0.0 

0 
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Figure  i  illustrates  the  relationship  of  the  time  of  injections  of  progesterone  to 
the  time  of  appearance  and  of  clearance  of  the  pregnandiol  complex  from  the  urine. 
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CD  NUMERALS  IN  SQUARE  SIGNIEY 
TOTAL  EXCRETION  OF  SODIUM  PREG¬ 
NANDIOL  GLUCURONIDE 

O  NUMERALS  IN  CIRCLE  SIGNIFY 
DAILY  DOSAGE  OF  PROGESTERONE 
IN  MILLIGRAMS 


Fig.  I.  The  urinary  excretion  of  the  pregnandiol  complex  following  intramuscular  in' 
jECTioNs  OF  PROGESTERONE  GIVEN  TO  MALES.  The  total  amount  of  pregnandiol  complex  excreted  and  the 
time  required  for  urinary  clearance  in  relationship  to  the  first  and  last  injections  of  progesterone  is 
illustrated. 

DISCUSSION 

This  ability  of  the  male  to  metabolize  progesterone  into  Na  pregnandiol  glucuron' 
ide,  demonstrated  by  Buxton  and  Westphal  and  confirmed  by  us,  challenges  any 
general  statement  that  endometrial  activity  is  always  necessary  for  this  biochemical 
change.  In  fact,  our  figures  indicate  that  the  male  can  metabolize  exogenous  proges' 
terone  much  more  efficiently  than  the  group  of  women  which  we  have  investigated. 
One  may  speculate  regarding  a  functional  homologue  in  the  male  comparable  to  the 
endometrium  in  respect  to  the  metabolism  of  progesterone.  The  prostate  or  the  testes 
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may  constitute  such  a  homologue.  Studies  of  the  metabolism  of  progesterone  by  pro' 
statectomized  and  gonadectomized  males  should  settle  this  point.  Doubtless  there 
are  other  factors  in  the  male  to  be  considered  in  the  metabolism  of  progesterone  into 
Na  pregnandiol  glucuronide  and  its  clearance  by  the  kidneys  besides  absorption  of 
progesterone  from  the  site  of  injection,  the  conjugation  of  pregnandiol  with  glucuronic 
acid  in  the  liver  and  the  renal  permeability  to  the  pregnandiol  complex. 

The  failure  of  subject  J.  T.  to  excrete  any  pregnandiol  complex  during  two 
series  of  therapy,  in  which  total  amounts  of  progesterone  equal  to  40  and  80  mg. 
were  given,  is  difficult  to  explain.  The  general  level  of  the  patient’s  health  and  his 
physical  habitus  gave  no  clues  in  this  regard.  Urologic  investigations  of  his  prostatic 
and  seminal  functions  were  not  made. 

It  seems  strange  that  the  male  is  more  adept  at  metabolizing  injected  progesterone 
than  the  female.  Several  possible  explanations  may  be  considered.  The  studies,  re' 
ported  by  members  of  our  group,  upon  the  metabolism  and  utilization  of  injected 
progesterone  were  not  carried  out  on  healthy  women,  but  rather  upon  those  who  had 
varying  grades  of  ovarian  failure,  as  judged  by  cyclic  or  irregular  bleeding  from  estro- 
genic  endometria.  It  may  be  surmised  that  there  may  have  existed  in  these  women  an 
endometriopathic  factor,  one  which  resulted  in  an  endometrial  inadequacy  to 
metabolize  progesterone.  Such  an  inadequacy,  however,  as  we  have  observed  previ' 
ously,  must  have  been  only  relative  for  many  of  these  women  were  observed  to  excrete 
varying  amounts  of  pregnandiol  complex,  derived  from  the  metabolism  of  their  endog' 
enous  progestin.  On  the  other  hand,  inadequate  estrogenic  metabolism  existing  in 
these  patients  may  have  been  operative  in  impairing  the  metabolism  of  progesterone. 
We  have  reported  previously  that  the  concurrent  administration  of  estrogens  and 
progesterone  apparently  improved  these  patients’  metabolism  of  progesterone.  The 
fairly  constant  secretion  of  estrogens  in  the  males  acting  upon  the  supposed  function- 
al  homologue  of  the  endometrium  may  account  for  their  more  efficient  metabolism 
of  progesterone. 

While  the  appearance  of  the  pregnandiol  complex  is  fairly  prompt  after  injections 
of  progesterone,  there  are  marked  variations  in  the  relationship  between  the  time  of 
the  last  injection  and  the  disappearance  of  the  pregnandiol  complex  from  the  urine 
(fig.  1).  Several  subjects  excreted  no  pregnandiol  complex  later  than  24  hours  after 
the  last  injection.  The  compound  had  disappeared  from  the  urines  of  2  subjects  within 
48  hours  after  the  last  injections.  On  the  other  hand,  one  subject  continued  to  excrete 
some  pregnandiol  complex  10  days  after  the  last  injection  had  been  given.  No  definite 
relationship  apparently  existed  between  the  total  dosage  of  progesterone  and  the 
time  necessary  for  the  pregnandiol  complex  to  disappear  from  the  urine.  In  general, 
however,  there  was  a  tendency  for  the  larger  doses  to  prolong  the  clearance  time. 

It  would  seem  reasonable  to  assume  that  the  delayed  disappearance  of  the  preg¬ 
nandiol  complex  from  the  urine  following  the  last  injection  of  progesterone  was  the 
result  of  slow  absorption  due  to  the  oily  vehicle  employed  for  the  injections.  How¬ 
ever,  as  we  have  reported  in  the  previous  paper,  a  similar  delay  in  the  urinary  clear¬ 
ance  of  the  pregnandiol  complex  follows  the  oral  administration  of  single  doses  of  Na 
pregnandiol  glucuronide.  While  slow  absorption  from  the  gastro-intestinal  tract  may 
be  responsible,  it  is  possible  that  the  cause  is  one  of  limited  renal  permeability.  Studies 
of  the  rapidity  of  excretion  of  the  pregnandiol  complex  following  its  intravenous  ad¬ 
ministration  would  answer  this  question. 

Some  of  the  curves  of  excretion  of  the  pregnandiol  complex  after  4  daily  injec¬ 
tions  of  progesterone  (fig.  i),  especially  some  of  those  which  followed  a  total  adminis¬ 
tration  of  120  mg.,  resemble,  in  length  and  in  amount  of  the  pregnandiol  complex 
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excreted,  those  obtained  during  the  progestational  phase  of  the  menstrual  cycles  of 
normal  women.  Inferences  may  be  possible  as  to  the  total  amount  of  progesterone 
which  is  required  to  be  formed  by  the  corpus  luteum  in  order  to  yield  comparable 
values  for  urinary  pregnandiol  complex. 

It  is,  perhaps  significant  from  the  standpoint  of  therapeutic  applications  in  the 
female  that,  as  a  rule,  a  single  injection  of  20  mg.  of  progesterone  resulted  in  no  sig' 
nificant  excretion  of  the  pregnandiol  complex.  However,  frequently  daily  injections  of 
20  to  30  mg.  for  4  days  resulted  in  excretionary  curves  similar  to  those  of  normal 
women  during  the  progestational  phase  of  the  cycle.  From  these  data,  daily  injections 
of  20  to  30  mg.  for  4  to  7  days  would  seem  to  be  more  effective  cyclic  therapy  for  ir¬ 
regularities  of  uterine  bleeding  than  smaller  amounts  of  progesterone  given  at  2  to 
3'day  intervals  during  the  last  10  days  or  2  weeks  of  the  cycle. 

During  these  studies  none  of  the  subjects  experienced  any  unusual  symptoms  from 
the  injections  of  progesterone. 


SUMMARY 

Intramuscular  injections  of  progesterone  in  oil,  which  varied  as  to  frequency  and 
amount  from  single  injections  of  20  mg.  to  4  daily  injections  of  10  to  30  mg.,  were 
given  6  healthy  males  without  any  untoward  symptoms.  Urinary  titrations  following 
these  treatments  were  made  by  Venning’s  method  for  sodium  pregnandiol  glucuron- 
ide.  Amounts  of  the  pregnandiol  complex,  which  ranged  from  0%  to  42.5%  of  the 
calculated  theoretical  yield,  were  recovered.  Marked  variations  were  observed  to 
occur  in  the  time  of  final  disappearance  of  the  pregnandiol  complex  from  the  urine  in 
relation  to  the  last  injection.  Factors  involved  in  the  metabolism  of  progesterone  by 
males  are  discussed.  Possible  applications  of  these  data  to  problems  of  gynecic  physi¬ 
ology  and  gynecologic  therapy  are  suggested. 

We  acknowledge  our  indebtedness  and  gratitude  to  the  6  men  who  volunteered  to  help  in  these 
studies. 
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URINARY  EXCRETION  OF  PREGNANDIOL  COMPLEX 

BY  MALES 


HI.  FOLLOWING  INTRAMUSCULAR  ADMINISTRATION  OF  DESOXYCORTICO' 
STERONE  ACETATE^ 

W.  KENNETH  CUYLER,*  CATHERINE  ASHLEY  and  E.  C.  HAMBLEN 
From  the  Endocrine  Division,  Department  of  Obstetrics  and  Gynecology, 

Dul(e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

The  pregnandiol  complex  has  been  recovered  from  the  urines  of  males  who 
had  received  sodium  pregnandiol  glucuronide  by  mouth  (i)  and  of  those  who 
had  received  progesterone  instramuscularly  (2,  3).  This  study  reports  its  re' 
covery  from  the  urine  of  a  male  who  had  been  given  intramuscular  injections  of 
desoxycorticosterone  acetate.® 

METHOD  OF  STUDY  AND  RESULTS 

A  healthy  male,  39  years  of  age,  (K.  C.  in  Studies  I  and  II,  i,  3)  was  given  intra' 
muscular  injections  of  desoxycorticosterone  acetate  in  oil  as  follows;  Series  I,  5  mg. 
daily  for  5  days;  Series  II,  10  mg.  daily  for  5  days.  All  urine  was  collected  in  24'hour 
samples,  beginning  at  the  time  of  the  first  injection  and  for  the  subsequent  10  days 
thereafter.  These  urines  were  quantitated  by  the  method  of  Venning  (4)  for  sodium 
pregnandiol  glucuronide.  The  results  of  these  studies  are  given  in  table  i. 


Table  i.  Urinary  excretion  of  pregnandiol  complex  following  injections 

OF  DESOXYCORTICOSTERONE  ACETATE 


Total 
dosage  in 
mg. 

Daily  recovery  of  pregnandiol  complex  in  mg. 

Total 
recovery 
in  mg. 

Percentage  of 
theoretical 
yield* 

Melting 

1 

2 

3 

4 

S 

6 

7 

8 

9  10 

points* 

Series  1,  is 

i 

10 

3 

0 

8 

S 

0 

0 

0  0 

19 

81  .  I 

240°C. 

Series  11,  50 

3 

s 

0 

4 

4 

0 

0 

0 

0  0 

16 

22.4 

i6i°C. 

*  This  was  calculated  upon  the  assumption  that  each  molecule  of  desoxycorticosterone  acetate 
(molecular  weight  J7j)  is  converted  into  a  molecule  of  sodium  pregnandiol  glucuronide  (molecular 
weight  5j6);  thus,  the  amount  of  desoxycorticosterone  in  mg.X5j6/j73  (or  1.43)  equals  the  theoretical 
yield  of  sodium  pregnandiol  glucuronide  in  mg. 

*  These  were  made  on  the  total  of  the  pooled  specimens. 

DISCUSSION 

These  results  were  not  unexpected  in  view  of  the  striking  chemical  and  pharmaco' 
logic  similarities  of  progesterone  and  desoxycorticosterone.  These  are  summarized 
briefly.  Progesterone  (5-7)  alters  water  balance  and  the  renal  excretion  of  electrolytes 

‘  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  by  funds  available  from  grants  to 
one  of  us  (E.C.H.)  by  the  Research  Council  of  Duke  University  and  by  the  Sobering  Corporation, 
Bloomfield,  N.  J. 

’  Ciba  Fellow  in  Clinical  Endocrinology. 

’  C.ortate,  supplied  by  Sobering  Corporation,  Bloomfield,  N.  J. 
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in  a  manner  comparable  to  desoxycorticosterone  (8-13);  similar  to  desoxycortico' 
sterone  (11-17),  progesterone  has  been  described  to  be  active  therapeutically  in  Ad¬ 
dison’s  disease  (2).  In  common  with  desoxycorticosterone  (8-10)  progesterone  can 
maintain  life  in  certain  adrenalectomized  animals;  the  rat  (7,  18-20),  ferret  (21)  and 
dog  (8)  but  not  in  the  cat  (22).  Similar  observations  have  been  made  upon  the  pro¬ 
gestin  elaborated  by  functional  corpora  lutea  (22-24).  Desoxycorticosterone,  on  the 
other  hand,  has  produced  progestational  alterations  in  the  endometria  of  spayed  (25) 
and  immature  (26, 27)  rabbits  and  spayed  guinea  pigs  (27). 

At  present  our  group  is  investigating  the  therapeutic  effectiveness  of  desoxycorti¬ 
costerone  acetate  in  functional  meno-metrorrhagia.  Endometriotropic  responses  and 
the  urinary  titers  of  the  pregnandiol-complex  of  patients  so  treated  are  being  studied. 
A  subsequent  report  will  deal  with  these  findings. 

SUMMARY 

A  healthy  male  excreted  29  mg.  and  16  mg.  of  sodium  pregnandiol  glucuronide 
estimated  by  Venning’s  method  after  he  had  received  intramuscularly  a  total  of  25 
mg.  and  50  mg.,  respectively,  of  desoxycorticosterone  acetate. 
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THE  EFFECT  OF  TESTOSTERONE  PROPIONATE  UPON 
THE  SKELETAL  DEVELOPMENT  OF  A  EUNUCH 

IRVING  RAPFOGEL 

NEW  YORK  CITY 

IT  IS  THE  PURPOSE  of  this  fcport  to  present  the  case  of  a  i5|'year'old  eunuch  whose 
growth  and  body  proportions  were  carefully  observed  during  a  a-year  period 
of  treatment  with  testosterone  propionate. 

H.  S.,  a  white  male  aged  i5>^years  presented  himself  on  February  j,  1937  because  of  the 
absence  of  both  testes  from  the  scrotum  and  because  of  stunted  growth.  The  absence  of  the 
testes  was  first  noted  at  the  age  of  5  years,  by  his  mother.  At  that  time  surgical  repair  of  the 
undescended  testes  was  attempted.  Several  days  following  the  operation,  while  still  in  the 
hospital,  the  patient  fell  from  his  bed  and  sustained  an  injury  to  the  operative  site,  neces' 
sitating  reoperation.  His  recovery  thereafter  was  uneventful.  According  to  his  mother,  how- 
ever,  his  testes  were  at  no  time  to  be  found  in  the  scrotum. 

At  the  time  of  the  initial  examination  the  patient  complained,  in  addition,  of  inability 
to  gain  weight,  irritability  and  occasional  headaches  which  were  not  severe.  His  fluid  intake 
amounted  to  10  to  12  glasses  daily  but  there  was  no  noticable  polyuria  or  nocturia.  He  com' 
plained  of  occasional  slight  dizziness.  He  experienced  no  hot  flushes.  There  was  no  tendency 
to  excessive  bleeding.  He  had  had  no  penile  erections  nor  seminal  emissions  at  any  time.  He 
was  mentally  alert  and  always  obtained  good  grades  in  school.  He  preferred  to  associate  with 
boys  of  his  own  age  or  older  to  the  exclusion  of  the  opposite  sex. 

Examination  revealed  a  thin  boy  of  small  stature  and  poor  muscular  development  (fig.  i). 
His  apparent  age  was  12  years.  No  facial,  axillary,  pubic  or  acral  hajr  was  present.The  genitals 
were  underdeveloped;  the  penis  was  approximately  one  inch  in  length,  the  scrotum  and 
prostate  were  infantile.  No  testes  could  be  palpated  in  the  scrotum,  inguinal  canals  or  in  the 
scars  of  the  previous  operations  although  a  mass  of  loose  connective  tissue  could  be  made  out 
in  each  scrotal  sac.  His  weight  at  that  time  was  87!  lb.,  height  60 >4  in.,  upper  measurement* 
28J  in.,  lower  measurement-  32J  in.,  upper  span’  59]^  in.  The  ‘bone  age’  as  determined 
radiographically  was  approximately  13  years. 


Table  i.  Measurements  during  i-year  period  of  observation 


Date 

Age 

Weight 

1 

Height  j 

Height  1 

/C  1 

(Burgess)^ 

Upper 

meas' 

urement 

Lower 

meas' 

urement 

Upper 

span 

U/L 

H/S 

Normal 
i  U/L 

Normal 

H/S 

Feb.  j,  IQ57 

1  Ml 

87} 

60J 

12 

18  i 

3»l 

sgi 

0.875 

1 .012 

0.96S 

0.975 

Dec.  4,  IQJ7 

1 

QOl 

62 1 

14 

2Q 

33I 

6i| 

0.875 

1.006 

0.974 

0.975 

Mar.  IQ,  I9'\8 

t61 

95  i 

62 1 

15 

39  s 

33i 

631 

0.880 

0.989 

0.975  1 

0.975 

Sept,  ij,  iqj8 

17 

lot 

64 1 

20 

3oi 

33! 

651 

0.903 

0.986 

0.984 

0.970 

Dec.  3,  iqj8 

ioqI 

65 

26 

30I 

34i 

661 

0.904 

0.^3 

0.986 

0.966 

Feb.  4,  iQjQ 

1  17I 

MJ 

6si 

30 

3li 

34i 

661 

0.912 

0.988 

0.^7 

0.970 

It  was  interesting  to  note  the  relationship  between  the  upper  and  lower  measurements 
and  between  the  height  and  upper  span.  Values  were  obtained  by  dividing  the  upper  by  the 

*  The  upper  measurement  is  taken  from  the  top  of  the  head  to  the  upper  border  of  the  symphysis 
pubis.  Actually  the  lower  measurement  is  subtracted  from  the  standing  height. 

’  The  lower  measurement  is  taken  from  the  upper  border  of  the  symphysis  pubis  to  the  floor  while 
standing. 

’  The  upper  span  is  the  distance  between  the  tips  of  the  fingers  with  the  arms  extended  laterally  as 
far  as  possible. 
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lower  measurement  (U/L)  and  also  by  dividing  the  height  by  the  upper  span  (H/S).  At  this 
time  U/L  was  0.875  (fig.  4)  and  H/S  was  1.012  (fig.  3). 

The  patient  was  considered  to  be  a  case  of  eunuchism  presumably  dating  back  to  the  age 
of  5  years. 

Before  treatment  with  testosterone  propionate  was  instituted  it  was  thought  best  to  try 
a  course  of  injections  of  anterior  pituitarydike  gonadotropic  factor  in  order  to  note  any  effect 


Fig.  I  a,  b.  Patient  at  onset  of  treatment.  Fig.  i  c,  d.  After  two  years. 


that  might  be  attributed  to  the  stimulation  of  any  existing  gonadal  tissue.  A  total  of  1,200 
R.u.  of  antuitrin-S  were  given  over  a  period  of  2  weeks  without  any  appreciable  result. 

Treatment  was  then  begun  with  testosterone  propionate  in  oiP  given  intramuscularly. 
Initially  2.5  mg.  were  injected  at  weekly  intervals  but  this  dosage  was  gradually  increased 
up  to  30.0  mg.  per  week  as  shown  in  figure  2. 

In  October  of  1937,  8  months  later,  a  slight  hairy  growth  was  noted  in  the  pubic  region 
and  over  the  left  scrotal  area,  although  the  right  scrotum  was  bare.  The  penis  had  enlarged 
slightly.  In  January,  1938  the  patient  stated  that  he  had  become  more  interested  in  the  op' 
posite  sex  and  now  found  pleasure  in  associating  with  girls  although  he  felt  extremely  shy. 
In  March  of  that  year  hair  began  to  appear  over  the  right  scrotum  and  was  increased  in  the 
pubic  and  left  scrotal  regions.  His  appetite  had  increased  and  he  had  gained  7K  lb.  since  the 
inauguration  of  androgenic  therapy.  In  this  respect  it  may  be  noted  that  the  patient  had 
been  unable  to  gain  any  weight  for  a  year  prior  to  treatment  despite  dietary  prodding.  His 

*  Oreton  kindly  supplied  by  Dr.  G.  Stragnell  of  the  Schering  Corp.,  Bloomfield,  N.J. 
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thirst  had  also  increased  so  that  he  was  now  drinking  16  to  17  glasses  of  fluid  daily.  Polyuria 
was  now  present.  Female  attraction  had  increased.  He  reported  penile  erections  once  or 
twice  weekly  and  occasional  nocturnal  emissions. 

From  August  20, 1938  to  September  13,  1938,  a  period  of  3K  weeks,  the  patient  received 
no  treatment  due  to  his  absence  from  the  city.  Upon  his  return  he  stated  that  he  had  experi- 


Fig.  2.  Curves  showing  growth  of  patient  as  compared  to  expected  average  growth 
FOR  AGE.  Dosage  of  testosterone  propionate  shown. 

enced  less  frequent  erections  and  had  had  no  seminal  emissions.  Three  weeks  following  the 
reinstitution  of  treatment  with  testosterone  propionate  the  nocturnal  emissions  again  ap' 
peared.  At  this  time  his  great  thirst  and  frequency  of  urination  lessened  remarkably. 

In  December  of  1938  the  patient  reported  that  he  was  experiencing  daily  erections  fol¬ 
lowed  by  the  spontaneous  discharge  of  a  seminal  fluid.  He  was  now  becoming  more  conscious 
of  his  small  size  and  the  comparative  lack  of  hair  on  his  body  and  face,  a  reaction  that  had  not 
occurred  previously.  The  quality  of  his  school  work  had  suffered  and  his  grades  were  cor¬ 
respondingly  worse  due  largely  to  his  “inability  to  concentrate”  upon  his  studies.  It  became 
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apparent  that  his  interests  were  widening  and»  becoming  more  diversified.  He  had  no  head¬ 
aches  or  dizzy  spells.  A  few  sparse  axillary  hairs  were  now  present,  but  no  hair  was  evident 


Fig.  j.  Progression  op  ratio  of  height  to  upper  span  (H/S)  compared  with  normal.  Fig.  4 
Progression  op  ratio  of  upper  measurement  to  lower  measurement  (U/L)  compared  with  normal. 
(Solid  line,  patient;  broken  line  normal.) 


upon  the  face.  The  pubic  hair  was  moderate  in  amount.  The  penis  had  continued  to  enlarge. 
The  thyroid  was  not  palpable. 

In  February,  1939  he  reported  a  vigorous  appetite  and  a  gain  in  weight  of  25  %  lb.  since 
the  onset  of  therapy.  At  this  time  radiographs  of  the  hand  and  wrist  for  bone  age  showed  little 
change  from  those  of  May,  1938.  The  epiphyseal  spaces  were  slightly  narfower,  showing 
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some  progress,  but  not  sufficiently  to  be  of  significance.  The  bone  age  was  still  considered 
to  be  at  the  13'year  level.  The  U/L  ratio  was  now  0.912  and  the  H/S  ratio  0.988.  His  height 
was  65 ]/2  in.,  an  increase  of  in.  in  2  years.  The  significance  of  these  figures  is  shown  in 
figures  2,  3  and  4. 

DISCUSSION 

This  boy  presumably  a  eunuch  since  the  age  of  5  years  showed  the  classical 
stature  of  such  cases.  According  to  the  method  of  Burgess®  his  height  was  plotted 
against  the  general  height  range  of  his  age.  His  height  at  the  onset  of  treatment  was 
at  the  12%  level.  (This  signified  that  of  100  boys  of  his  age  only  12  would  be  as  short 
or  shorter  than  he,  and  88  would  be  taller.)  It  is  evident,  therefore,  that  he  was  small 
for  his  age,  as  compared  with  the  general  height  level  of  his  age. 

As  treatment  with  testosterone  propionate  progressed  the  boy’s  height  was  care- 
fully  watched  and  his  place  on  the  Burgess  chart  was  noted.  His  height  was  plotted 
against  the  expected  growth  curve  for  his  age  and  height.  The  increase  in  the  rate 
of  growth  during  the  2'year  period  of  observation  becomes  evident  when  we  examine 
figure  2.  It  is  noted  that  during  this  period  he  has  progressed  from  the  12%  to  the 
30%  group.  It  is  interesting  to  note  also  that  these  changes  took  place  while  many  of 
the  epiphyses  were  open  and  that  prolonged  androgenic  therapy  had  no  discernible 
influence  in  effecting  their  closure,  as  evidenced  radiographically. 

Because  of  his  small  stature  it  was  impossible  to  compare  his  upper  and  lower 
measurements  with  averages  for  his  age.  The  ratio  of  the  upper  to  the  lower  measure' 
ment  (U/L)  was  found  to  be  0.875  at  the  onset  of  the  2'year  period.  When  com' 
pared  to  the  average  U/L  ratio  for  his  age®  (0.968)  it  becomes  evident  that  his  long 
bones  (L)  are  excessively  large  as  compared  to  the  short  bones  (U).  This  is  a  common 
clinical  finding  in  eunuchoidism  and  eunuchism.  Similarly  the  ratio  of  the  height  to 
the  upper  span  (H/S)  was  obtained  and  found  to  be  1.012  at  the  onset,  as  compared 
with  an  average  for  his  age  of  0.975.'^ 

These  ratios  were  noted  during  the  course  of  his  observation  and  were  plotted 
graphically  (fig.  3,  4).  When  compared  with  the  curves  representing  the  normally 
expected  progress  of  these  ratios  in  boys  of  his  age  it  became  apparent  that  a  definite 
progression  towards  the  norm  was  manifested  during  this  period  and  that  the  prog' 
ress  was  more  marked  during  the  second  year  of  treatment.  Clinically  this  indicated 
that,  although  the  total  standing  height  was  increased  at  a  rate  greatly  in  excess  of 
the  normally  expected  rate  of  growth,  this  increase  was  accompanied  by  a  gradual 
rearrangement  of  the  short  bone — long  bone  ratio  (H/S  and  U/L)  and  that  this  pro' 
gression  was  towards  the  normal  ratio.  Thus  the  short  bone — long  bone  ratio  char' 
acteristic  of  the  eunuchoid  state  progressed  towards  the  normal  state. 

After  the  2'year  period  of  observation  this  boy’s  height  had  advanced  from  the 
12%  to  the  30%  group.  When  we  examine  figure  2  we  note  that  marked  stimulation 
of  growth  did  not  begin  until  a  dosage  of  30.0  mg.  weekly  had  been  maintained  for 
several  months.  As  Burgess®  has  shown,  the  progression  of  the  height  from  a  lower 
to  a  higher  group  level  signifies  the  presence  of  a  growth  stimulating  influence,  which 
in  this  case  may  have  been  the  influence  of  the  androgenic  therapy.  Since,  in  some  in' 
stances,  a  sudden  and  unexplainable  spurt  in  the  rate  of  growth  may  occur  spontane' 
ously  without  treatment  of  any  kind,  we  cannot  assume  a  definite  relationship  be' 

‘  Burgess,  M.  A.:  /.  Am.  Statist.  Assn,  ji:  290.  19J7. 

*  Average  U/L  ratio  obtained  by  dividing  average  upper  by  average  lower  measurement  for  age 
(measurements  from  William  Wolf,  Endocrinology  in  Modem  Practice,  W.  B.  Saunders  Co.,  Phila¬ 
delphia  19J7,  p.  819.) 

^  Average  H/S  obtained  by  dividing  average  height  by  average  span  for  age  (measurements  from 
William  Wolf,  Endocrinology  in  Modern  Practice,  W.  B.  Saunders  Co.,  Philadelphia,  19J7,  p.  819). 
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tween  the  androgenic  therapy  and  the  rate  of  growth  as  observed  in  a  single  instance 
such  as  this.  Such  a  relationship  can  be  shown  only  upon  the  repetition  of  these  re' 
suits  in  many  similar  instances.  Nevertheless  one  cannot  entirely  exclude  the  possi' 
bility  of  an  androgenic  influence  in  the  outcome  of  this  case.  It  has  long  been  consid' 
ered  that  potent  androgenic  therapy  was  antagonistic  to  the  rate  of  growth,  sup- 
posedly  because  of  its  inhibitory  effect  upon  the  anterior  pituitary.  This  case  de- 
monstrates  that  growth  can  be  markedly  accelerated  during  a  period  of  androgenic 
treatment. 

SUMMARY 

The  case  of  a  151/ 2'year'old  eunuch  is  presented  with  observations  of  his  rate  of 
growth  and  the  ratio  of  the  short  bones  to  the  long  bones,  as  compared  with  the  aver' 
age,  over  a  2'year  period  of  treatment  with  testosterone  propionate.  A  possible  rela' 
tionship  between  an  increase  in  the  rate  of  growth  and  progression  of  an  abnormal 
short  bone — long  bone  ratio  towards  the  norm  with  androgenic  therapy  in  the 
eunuch  is  discussed.  A  convenient  and  significant  method  of  recording  and  com' 
paring  short  bone — long  bone  ratios  is  indicated. 


THE  DIAGNOSTIC  SIGNIFICANCE  OF  CRANIAL 
ROENTGENOGRAMS  IN  PITUITARY  DISEASE 

MAX  A.  GOLDZIEHER 

NEW  YORK  CITY 

PECULIARITIES  in  sizc  and  shape  of  the  sella  turcica  have  been  studied  for  a  long 
time  to  obtain  information  concerning  lesions  of  the  pituitary.  Information 
useful  for  diagnostic  purposes  can  be  gathered  from  such  studies  in  case  the  sella 
turcica  is  considerably  distended  or  shows  signs  of  erosion  indicating  the  presence 
of  a  pituitary  tumor.  An  abnormally  small  sella  has  been  interpreted  as  evidence  of 
a  pathologically  small  or  hypoplastic  pituitary  and  usually  accepted  as  confirmatory 
evidence  of  hypopituitarism;  it  is  met  with  in  infantilism,  adiposogenital  dystrophy 
and  related  conditions.  Abnormalities  of  the  clinoid  processes  are  also  well  known 
and  their  significance,  in  case  the  opening  of  the  sella  is  overbridged  or  considerably 
narrowed,  lies  in  the  probability  of  pressure  upon  the  pituitary  stalk.  This  type  of 
sella  is  frequently  met  with  in  cases  of  migraine,  disturbances  of  salt  and  water  metab' 
olism  and  certain  types  of  obesity. 

In  contradistinction  to  these  well-known  abnormalities,  structural  deviations  of 
the  cranial  bones  and  abnormal  development  of  the  sinuses  and  their  relationship  to 
pituitary  disease  has  been  understood  only  since  the  pioneer  work  of  Rowe,  Mortimer 
and  Levene  in  1934  (i).  Further  elaboration  on  these  findings  was  but  recently  pub¬ 
lished  by  Mortimer  (2)  and  some  practical  application  in  the  field  of  otology  by  Le¬ 
vene  et  al.  (3).  Impressed  by  the  diagnostic  possibilities  of  these  observations,  I 
have  systematically  studied  the  roentgenological  appearance  of  the  cranium  during 
the  past  5  years  on  a  large  group  of  material.  These  studies  have  not  only  confirmed 
the  original  findings  of  Rowe  and  his  group,  but  permitted  amplification  of  their 
diagnostic  conclusions. 

Experimental  evidence  seems  to  prove  that  the  development  of  the  paranasal 
sinuses  together  with  the  general  pneumatization  of  the  cranium  is  dependent  upon 
the  growth  promoting  function  of  the  anterior  lobe  of  the  pituitary  (2).  Hypophys- 
ectomy  in  infantile  rats  is  followed  by  suppression  of  normal  cranial  growth :  v,?hile 
the  brain  case  still  grows,  especially  in  the  vertical  and  transversal  direction,  the 
facial  portion  of  the  cranium  practically  retains  its  infantile  shape  and  size,  apparently 
due  to  the  marked  decrease  in  the  vascularity  of  the  bones.  The  disproportion  be¬ 
tween  the  infantile  facial  cranium  and  the  relatively  large  brain  case,  is  accom¬ 
panied  by  marked  hypoplasia  of  the  frontal  sinus.  There  is  also  a  lack  of  diploe  in  the 
calvarium,  hence  the  cranial  vault  remains  fairly  thin.  Administration  of  purified 
growth  hormone  after  hypophysectomy  produces  a  practically  normal  architecture 
of  the  calvarium  and  also  yields  satisfactory  growth  and  differentiation  of  the  facial 
cranium,  completing  the  proof  that  normal  cranial  development  depends  upon  an 
adequate  supply  of  the  growth  promoting  factor  of  the  pituitary. 

Earlier  studies  of  rhino-otologists  on  the  varied  abnormalities  of  cranial  pneumat- 
ization  in  man  were  not  correctly  interpreted  because  they  were  unaware  of  the 
significance  of  the  pituitary  factor. 

Normally,  the  paranasal  sinuses  develop  at  a  fairly  early  age.  The  ethmoid  cells 
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and  antra  are  usually  well  visualized  at  the  age  of  one;  the  sphenoidal  sinus  is  present 
in  the  newborn  and  reaches  the  size  of  a  pea  at  the  age  of  3,  to  expand  to  its  full  size 
by  the  age  of  6;  the  frontal  sinus  usually  appears  at  the  age  of  4  and  is  not  supposed  to 
be  absent  after  the  age  of  6. 

Late  appearance,  permanent  absence  in  adult  life,  or  hypoplasia  of  these  sinuses 
has  been  blamed  upon  the  inability  of  the  nasal  mucous  membrane  of  invading  and 
pneumatizing  the  cranial  bones,  supposedly  as  the  result  of  some  chronic  catarrhal 
condition,  just  as  inadequate’ pneumatization  of  the  mastoid  cells  has  been  explained 
as  inhibition  of  the  physiological  process  following  chronic  inflammation  of  the  mu¬ 
cous  membrane  of  the  antrum  (4).  Observations  in  animal  experiments  are  not  always 
applicable  to  man,  yet  there  is  no  reason  to  assume  that  cranial  pneumatization  in 
men  is  governed  by  a  different  mechanism  than  in  the  rodent  in  which  regulation  by 
the  growth  promoting  function  of  the  anterior  lobe  has  been  established.  Con¬ 
sequently,  hypoplasia  of  the  sinuses  and  mastoid  cells  and  concomitant  lack  of 
diploe  formation  in  the  cranial  vault  of  man  are  also  indicative  of  a  deficient  function 
of  the  anterior  lobe  of  the  pituitary.  This  conclusion  is  well  borne  out  by  clinical 
observation  such  as  first  reported  by  Mortimer,  Levene  and  Rowe  (i)  who  showed 
that  cranial  pneumatization  is  practically  absent  in  the  pituitary  dwarf,  the  skull  of 
which  permanently  retains  its  infantile  architecture.  I  have  observed  the  same  phe¬ 
nomena  in  a  sizable  series  of  other  less  pronounced  instances  of  deficient  growth,  viz., 
disproportion  between  facial  cranium  and  brain  case,  thin  cranial  vault  with  absence 
of  diploe  and  aplasia  of  the  frontal  sinus.  The  mastoid  processes  also  remained  fairly 
small  and  dense.  In  one  of  our  cases  of  pituitary  dwarfism  in  which  the  frontal 
sinus  was  absent  at  the  age  of  10,  implantation  of  pituitary  tissue  produced  a  strik¬ 
ing  increase  in  the  rate  of  growth  (2.5  inches  in  the  period  of  7  months)  and  the  x-rays 
demonstrated  the  unexpected  appearance  of  the  frontal  sinus. 

It  has  been  emphasized  as  a  further  proof  of  the  significance  of  the  growth  promot¬ 
ing  function  of  the  pituitary  in  the  development  of  cranial  pneumatization  that 
acromegaly  is  always  accompanied  by  excessive  expansion  of  the  frontal  sinus, 
overgrowth  of  the  facial  cranium  and  overabundance  of  the  diploe  in  the  thickened 
cranial  vault.  These  findings,  however,  are  not  limited  to  acromegaly,  but  are  also 
obtained  in  cases  in  which  the  growth  promoting  function  of  the  anterior  lobe  is  ac¬ 
centuated  in  the  absence  of  an  eosinophil  adenoma.  The  typical  cranial  changes  occur 
in  cases  of  gigantism  without  acromegaly  and  in  adiposogenital  dystrophy  of  the 
tall  variety  in  which  the  ‘hypopituitary’  symptoms  of  obesity  and  genital  hypoplasia 
form  an  odd  combination  with  the  ‘hyperpituitary’  acceleration  of  the  osseous  de¬ 
velopment.  Premature  or  excessive  pneumatization  of  the  cranium  is  also  met  with  in 
those  cases  of  precocious  puberty  in  which  the  pituitary  origin  must  be  assumed  in 
the  absence  of  all  other  more  usual  pathogenetic  factors.  Cranial  dysplasia  of  the  hy- 
perpituitary  variety  is  an  outstanding  feature  also  in  the  eunuchoid,  in  which  the 
hyperactivity  of  the  pituitary  is  engendered  by  primary  hypoplasia  and  insufficiency 
of  the  gonads.  Such  pituitary  hyperactivity  produces  overexpansion  of  the  cancellous 
bone,  both  during  and  after  termination  of  the  period  of  active  bodily  growth.  Thus, 
paranasal  sinuses,  mastoid  cells  and  cranial  diploe  are  expanded  also  in  late  eu¬ 
nuchoidism  in  which  bodily  height  is  not  excessive,  but  the  constitutional  peculiarity 
is  revealed  by  the  combination  of  skeletal  disproportion  and  inadequate  develop¬ 
ment  of  the  gonads.  I  have  observed,  in  a  considerable  number  of  cases,  that  the  eu¬ 
nuchoid  disproportion  of  the  skeleton,  the  abnormal  length  of  the  extremities  as 
compared  to  the  trunk,  is  invariably  associated  with  overexpansion  of  the  frontal 
sinus  and  mastoid  cells. 
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It  is  interesting  that  cranial  roentgenograms  in  the  eunuchoid  relatively  often 
reveal  the  persistence  of  the  craniopharyngeal  canal.  This  embryonal  structure  marks 
the  opening  through  which  the  pharyngeal  division  of  the  pituitary  anlage  connects 
with  the  neural  division  of  the  pituitary,  and  which,  as  a  rule,  closes  during  the  latter 
part  of  intrauterine  life.  Earlier  anatomical  investigators  showed  that  the  canal  runs 
through  the  body  of  the  sphenoid  bone  and  may  or  may  not  open  into  the  floor  of  the 


Fig.  I.  A.  G.  Age  9  years.  Fig.  2.  Lateral  view  of  skull.  Same  case  as  fig.  i.  Infantile  cranium. 
Lack  of  pneumatization.  Fig.  j.  F.  G.  Age  9  years.  Pituitary  dwarf.  Surgical  scar  on  abdomen  after 
pituitary  implantation.  Fig.  4.  Lateral  view  of  skull.  Same  case  as  fig.  j.  Incipient  development  of 
frontal  sinus  six  months  after  implantation.  Fig.  y.  M.  Z.  Age  45  years.  Acromegaly.  Fig.  6.  Lateral 
VIEW  OF  SKULL.  Same  as  fig.  5.  Distended  sella  turcica,  bulging  frontal  sinus.  Overexpanded  mastoid  cells. 
Fig.  7.  Lateral  view  of  skull.  Case  of  macrogenitosomia.  Boy  9  years  of  age.  Well  expanded,  slightly 
bulging  frontal  sinus. 

sella  turcica  (5),  while  it  terminates,  dis tally  underneath  the  pharyngeal  mucosa 
(6,  7,  8).  Haberfeld,  subsequently  reviewed  73  cases  of  persistency  of  the  cranio- 
pharyngeal  and  estimated  its  presence  at  about  10%  of  all  cases.  The  distal  end  of  the 
canal  points  to  the  site  of  the  pharyngeal  pituitary,  the  almost  constant  occurrence  of 
which  has  been  confirmed  but  recently  (9).  Pituitary  tissue  of  a  somewhat  less  dif¬ 
ferentiated  type  has  also  been  met  with  in  the  persisting  craniopharyngeal  canal. 
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The  persistent  craniopharyngeal  canal  is  demonstrable  on  lateral  roentgenograms 
of  the  skull  which  show  the  outlines  of  the  canal  within  the  sphenoid  bone  in  about 
10%  of  all  crania  examined.  This  figure  is  well  in  accord  with  those  mentioned  in 


Fig.  8.  A.  B.  Age  10.  Adiposogenital  dystrophy.  Neurath-Cushing  type.  Fig.  9.  Anterior 
POSTERIOR  VIEW  OF  SKULL.  Same  case  as  fig.  8.  Considerable  overexpansion  of  frontal  sinus.  Fig.  10.  M.  B. 
Age  JO.  Hyperpituitary  eunuchoidism.  Fig.  ii.  Lateral  view  of  skull.  Same  case  as  fig.  10.  Overex- 
pansion  of  frontal  sinus  and  mastoid  cells.  Fig.  11.  Same  case  as  fig.  ii. Sella  turcica  and  patent  cranio^ 
pharyngeal  canal.  Fig.  ij.  Anterior  posterior  view  of  skull.  Same  case  as  fig.  ii.  Overexpansion  of 
frontal  sinus  and  mastoid  cells.  Fig.  14.  R.  L.  Age  16.  Case  of  eunuchoidism,  psychoneurosis.  Moderately 
bulging,  overexpanded  frontal  sinus  and  mastoid  cells.  Fig.  15.  Lateral  view  of  skull.  Age  j^;.  Case  of 
short  stature,  moderate  obesity,  irregular  periods  and  sterility.  Infantile  cranium.  Fig.  16.  Lateral  view 
OF  SKULL.  Age.  ji.  Case  of  obesity,  irregular  periods,  habitual  abortion  and  toxemia  of  pregnancy. 
Sclerosis  of  cranial  vault.  Fig.  17.  Lateral  view  of  skull.  Age  yo.  Case  of  obesity,  irregular  periods, 
hypertension.  Sclerosis  of  cranial  vault. 


the  anatomical  statistics.  The  persistence  of  the  canal,  however,  is  by  far,  more  com' 
mon  in  the  eunuchoid,  and  the  increased  frequency  in  this  particular  group  suggests 
the  interpretation  that  the  deficient  function  of  the  gonad  in  childhood  acts  as  a 
stimulus  upon  the  pituitary  gland,  but  also  upon  the  residual  glandular  tissue  within 
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the  craniopharyngeal  canal  with  the  result  that  its  physiological  obliteration  is  in¬ 
terfered  with. 

Injection  of  hypophysectomized  animals  with  crude  alkaline  pituitary  extracts, 
produces  marked  sclerosis  of  the  calvarium  superimposed  upon  the  accentuated 
growth  and  pneumatization  of  the  cranial  bones  (2).  While  the  mechanism  by  means 
of  which  crude  pituitary  extracts  produce  sclerosis  of  the  cranium  remains  hypo¬ 
thetical,  there  cannot  be  any  doubt  as  to  the  identity  of  the  experimentally  produced 
sclerosis  and  the  changes  observed  in  advanced  cases  of  acromegaly.  The  acromegalic 
skull  which,  in  the  early  stage,  shows  only  overexpansion  of  sinuses  and  diploe,  later 
on  invariably  develops  sclerotic  changes,  usually  most  marked  in  the  frontal  and 
parietal  regions  of  the  calvarium.  The  appearance  of  the  sclerosed  bone  is  peculiar 
both  on  anatomical  inspection  and  on  roentgenograms;  its  structure  has  been  com¬ 
pared  with  that  of  lava  or  pumice  stone.  Such  osteosclerosis,  however,  is  not  re¬ 
stricted  to  the  acromegalic  skull,  but  occurs  even  more  frequently  in  the  absence  of 
both  clinical  signs  of  acromegaly  and  roentgenologically  demonstrable  overexpansion 
of  sinuses  and  diploe.  The  sclerosis  is  usually  accompanied  by  a  peculiar  thickening 
of  the  cranial  bones,  especially  in  the  frontal  and  parietal  region.  It  seems  that 
Morgagni  was  the  first  to  notice  these  changes  which  have  become  better  known  in 
recent  years  as  hyperostosis  frontalis  interna  (10),  Stewart-Morel’s  syndrome  or,  as, 
Henschen  and  other  European  investigators  prefer  to  call  it,  Morgagni’s  syndrome. 
The  coincidence  of  such  cranial  changes  with  mental  disturbances  is  too  frequent  to 
be  ignored,  but  association  with  varied  manifestations  customarily  connected  with 
abnormal  function  of  the  pituitary  is  far  more  common.  These  manifestations  include 
obesity,  disturbances  of  carbohydrate  and  fat  metabolism,  abnormalities  of  genital 
function  and  hirsutism  in  women.  It  is  significant  that  the  sclerotic  changes  of  the 
cranium  are  definitely  sex-linked  for  they  occur  ten  times  more  often  in  the  female 
than  in  the  male  (2). 

The  diagnostic  significance  of  cranial  sclerosis  is  considerable  in  our  experience, 
especially  in  cases  in  which  abnormalities  of  skeletal  development  or  other  physical 
stigmata  do  not  facilitate  recognition  of  pituitary  disease.  Cranial  sclerosis  as  the 
expression  of  insufficient  function  of  the  anterior  lobe  is  the  manifestation  of  an  ac¬ 
quired,  often  minor  lesion  of  the  gland,  which,  however,  might  be  superimposed 
upon  an  earlier  hypoplastic  or  neoplastic  condition.  Hence,  sclerotic  changes  of  the 
cranium  may  set  in  and  complicate  the  structure  of  a  cranium  that  has  remained 
nearly  infantile,  as  a  sign  of  inadequate  pituitary  function  during  childhood  or 
adolescence.  Such  combination  was  noticeable  in  a  number  of  our  patients  who  were 
of  fairly  short  stature  although  well  above  the  height  of  the  pituitary  dwarf.  The 
cranial  sclerosis,  added  to  the  absence  or  inadequacy  of  sinus  expansion  was  seen  in 
the  course  of  investigations  meant  to  disclose  the  nature  and  origin  of  the  patient’s 
menstrual  disorders  and  obesity. 

Sclerotic  changes  are  especially  extensive  in  advanced  or  chronic  cases  of  acro¬ 
megaly,  as  illustrated  in  Rowe  and  Mortimer’s  paper  (11).  They  are  superimposed 
upon  the  earlier  expansion  of  the  cancellous  bone  and  represent  the  result  of  a  let¬ 
down  in  hormone  production  on  the  part  of  the  pituitary  tumor.  Degenerative 
changes,  terminating  in  necrosis,  are  common  in  these  tumors  and  readily  account  for 
the  clinical  manifestations  of  pituitary  insufficiency  among  which  the  sclerosis  of  the 
cranial  bones  must  be  included. 

Other  cases  in  which  insufficiency  of  pituitary  function  is  diagnosed  and  cor¬ 
roborated  by  demonstration  of  cranial  sclerosis  include  disturbances  of  genital  func¬ 
tion,  such  as  sterility,  habitual  abortion,  amenorrhea,  irregular  menstruation,  menor- 
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rhagia  or  dysmenorrhea  and  varied  metabolic  disorders,  usually  associated  with 
obesity. 

The  diagnostic  significance  of  the  structural  abnormalities  of  the  cranium,  such 
as  lack  of  excessive  pneumatization  and  sclerosis  is  emphasized  by  the  practically 
specific  relationship  of  these  changes  to  pituitary  disease.  In  Mortimer’s  series,  cranial 
dysplasia  was  present  in  92.8%  of  all  cases  in  which  independent  clinical  investiga- 
tion  disclosed  an  abnormal  state  of  pituitary  function.  A  control  series  of  supposedly 
nonpituitary  cases  showed  normal  development  of  the  crania  in  82.4  %.  Thus,  the 
incidence  of  dysplastic  crania  was  17.6%  in  the  control  group  in  which  pituitary 
disease  was  clinically  not  diagnosed.  This  control  group,  however,  included  in  addi' 
tion  to  normal  individuals,  a  majority  of  variegated  endocrinopathies,  especially  cases 
of  ovarian  pathology  in  which  we  are  justified  to  surmise  a  secondary  involvement  of 
the  pituitary.  Our  own  statistics,  obtained  on  surveying  500  thoroughly  studied 
cases,  show  evidence  of  cranial  dysplasia  in  96.2%  of  the  pituitary  series,  a  figure 
slightly  higher  than  Mortimer’s,  and  91  %  normal  crania  in  the  nonpituitary  controls. 
Thus,  it  seems  that  cranial  dysplasia,  usually  of  a  moderate  degree,  occurs  among  the 
nonspecific,  incidental  findings,  in  not  more  than  9%  of  the  nonpituitary  cases.  The 
presence  of  these  changes  in  96%  of  all  cases,  in  which  physical  and  functional  signs 
point  to  disease  of  the  pituitary,  establishes  roentgenological  examination  of  the 
cranium  as  one  of  the  most  important  diagnostic  procedures. 


SUMMARY 

Growth  of  the  facial  cranium  and  development  of  the  paranasal  sinuses  and 
mastoid  cells  is  inhibited  in  the  pituitary  dwarf  and  in  pituitary  infantilism.  Con' 
versely,  excessive  expansion  of  the  cancellous  bone  and  of  the  sinuses  is  noted  in 
acromegaly,  gigantism  and  other  instances  of  anterior  lobe  activity,  such  as  obtains 
in  eunuchoidism  and  in  certain  cases  of  precocious  puberty  or  adiposogenital  dys' 
trophy  of  the  tall  variety. 

Inadequate  function  of  the  anterior  lobe  during  adult  life  yields  a  progressive 
diffuse  sclerosis  of  the  cranial  bones  which  appears  either  in  the  previously  normal 
cranium  or  is  superimposed  on  an  originally  hypoplastic  skull,  but  is  particularly 
marked  in  previously  overexpanded  cancellous  bone  tissue.  These  changes  appear  ten 
times  more  frequently  in  the  female. 

The  diagnostic  significance  of  cranial  dysplasia  is  borne  out  by  a  series  of  500  con- 
secutively  studied  cases  of  pituitary  disease  in  which  they  were  present  in  96%. 
Similar,  although  minor  changes  were  noted  in  only  9%  of  the  control  group  in  which 
clinical  evidence  of  pituitary  disease  was  not  obtained. 
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DIABETES  INSIPIDUS  OF  OVER  TWENTY  YEARS’ 
STANDING  IMPROVED  FOLLOWING  A 
SUBARACHNOID  HEMORRHAGE 

S.  A.  LOEWENBERG  and  N.  G.  SLOANE 
From  the  Dept,  of  Medicine  of  Jefferson  Medical  College  and  Hospital 

PHILADELPHIA,  PENNSYLVANIA 

The  cause  of  diabetes  insipidus  is  still  a  matter  of  speculation.  Among  the 
etiologic  factors  those  most  prominently  mentioned  are  heredity  and  tumors, 
or  other  lesions  such  as  gumma  or  other  syphilitic  lesions,  tuberculosis,  en- 
cephalitis  lethargica  or  trauma  at  the  base  of  the  skull,  causing  pressure,  inflammation, 
or  degeneration  involving  the  posterior  lobe  of  the  pituitary  gland  or  the  hypothalami 
ic  region  adjacent  to  it.  Other  factors  mentioned  are  blood  dyscrasias,  cerebral 
circulatory  disturbances  and  psychic  influences.  In  some  cases  no  actual  or  apparent 
cause  is  discoverable. 

Cushing  (3),  Frank  (4),  and  others  reported  cases  of  diabetes  insipidus  which 
showed  a  tumor  at  the  base  of  the  brain  near  the  hypothalamus,  probably  interfering 
with  posterior  lobe  function.  Futcher  (5)  reported  a  case  of  diabetes  insipidus  due 
to  an  alveolar  carcinoma  of  the  hypothalamus  secondary  to  primary  carcinoma  of  the 
lungs,  without  involvement  of  the  pituitary.  He,  however,  holds  that  the  posterior 
pituitary  lobe  is  a  very  important  factor  in  the  etiology  of  the  disease,  possibly  by  sen' 
sitizing  the  hypothalamic  centers  or  by  influencing  their  function. 

Camus  and  Roussy  (1)  produced  polyuria  in  animals  by  injuring  the  brain  surface 
in  the  hypothalamic  region.  Curtis  (2)  reported  that  he  had  induced  diabetes 
insipidus  in  a  dog  by  traction  on  the  stalk  of  the  hypophysis,  while  Richter  (8)  pro' 
duced  persistent  and  marked  polyuria  by  puncture  through  the  base  of  a  rat’s  skull, 
just  in  front  of  the  pituitary.  Injury  to  the  tractus  supraoptico'hypophysis  is  said  to 
be  a  prominent  factor  in  the  causation  of  diabetes  insipidus.  This  tract  discovered  by 
Greving  and  by  Pines  (7)  beginning  in  the  supraorbital  nucleus  and  terminating  in 
the  posterior  lobe  of  the  pituitary  is  believed  to  be  part  of  the  vegetative  nervous 
system  with  the  supraorbital  nucleus  as  the  center  which  controls  water  balance. 

It  is  beyond  the  scope  of  this  communication  to  consider  the  effect  of  these 
lesions,  whether  stimulatory  or  paralytic,  or  even  to  consider  the  diuretic  and  anti' 
diuretic  properties  of  the  posterior  and  intermediate  lobes  of  the  pituitary.  It  should, 
however,  be  pointed  out  that  diabetes  insipidus  is  divided  into  two  classifications, 
primary  and  secondary. 

Primary  or  idiopathic  diabetes  insipidus  is,  as  the  name  implies,  of  unknown 
origin,  often  hereditary;  the  symptoms  usually  appear  early  in  life;  at  times  they 
become  manifest  after  an  emotional  shock  such  as  fright,  or  after  some  contagious 
disease.  Often  no  predisposing  cause  is  discoverable  and  a  careful  autopsy  fails  to  re' 
veal  any  intracranial  lesions. 

Secondary  diabetes  insipidus  is  considered  as  such  when  it  is  associated  with  a 
definite  lesion  at  the  base  of  the  brain  in  the  pituitary  hypothalamic  region.  In  the 
secondary  type,  the  symptoms  usually  occur  later  in  life  and  are  occasionally  asso' 
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dated  with  pressure  symptoms.  The  case  here  reported  probably  belongs  to  the 
secondary  type. 

CASE  REPORT 

S.  L.,  age  38  years,  white,  salesman  by  occupation,  gave  a  history  of  polydypsia  and  poly- 
uria  of  long  standing.  He  did  not  remember  just  when  his  excessive  thirst  and  polyuria  began, 
but  believed  that  it  was  of  gradual  onset. 

On  January  9,  1920,  at  the  age  of  19  years,  he  was  6rst  admitted  to  the  Jefferson  Hospital 
for  the  study  of  this  condition.  His  chief  complaint  on  admission  was  excessive  thirst  and 
polyuria.  He  had  noted  that  during  the  summer  of  1919,  he  developed  a  craving  for  soda 
water,  and  drank  from  10  to  15  glasses  of  soda  besides  other  liquids,  and  passed  large  quan- 
titles  of  urine,  both  during  the  day  and  night.  He  also  complained  of  headache.  The  examina¬ 
tion  at  that  time  revealed  a  well  developed  young  white  male,  high  strung  and  apprehensive; 
heart  and  lungs  were  normal;  nothing  pathologic  was  found  in  the  abdomen;  no  adenopathy; 
no  disturbance  of  special  senses;  reflexes  were  normal.  Wasserman  test  result  was  negative; 
blood  sugar,  120  mg.  to  100  cc.  of  blood  (old  method);  blood  count,  hb.  87%;  R.B.C. 
4,800,000;  W.B.C.  6,800;  PN.  66%;  S.L.  24%;  eosin.  2%;  L.L.  7%;  T.  1%.  TTie  quantity 
of  urine  in  24  hours  ranged  from  5,600  cc.  to  12,500  cc.  sp.  gr.  1.002  to  1.008;  acid  in  reaction; 
sugar  test  result,  negative;  albumin  test  result,  negative;  no  casts.  X-ray  of  skull  showed  the 
sella  turcica  to  be  one-half  of  the  normal  size;  nasal  sinuses  were  unusually  well  developed. 

The  diagnosis  was  that  of  diabetes  insipidus.  He  remained  in  the  hospital  for  two  weeks 
and  was  discharged  as  unimproved.  In  1925  he  was  restudied  and  his  condition  was  practi¬ 
cally  the  same  as  on  the  previous  examination;  his  intake  and  output  of  fluid  was  very  large. 
He  was  given  pituitrin  hypodermically.  This  controlled  the  thirst  and  polyuria,  but  the 
treatment  had  to  be  discontinued  because  of  abdominal  cramps  and  general  “poor  feeling." 

From  1925  to  his  most  recent  admission  to  the  Jefferson  Hospital,  on  January  20,1938, 
aside  from  drinking  large  quantities  of  water  and  voiding  excessive  amounts  of  urine,  he  was 
in  good  health,  though  his  blood  pressure  ranged  from  170/90  to  185/94. 

Present  illness.  On  January  17,  1938,  while  in  New  York,  the  patient  was  suddenly 
awakened  from  sleep  with  severe  frontal  and  occipital  headache  and  pain  in  the  back  of  his 
neck;  he  was  nauseated  and  vomited.  The  pain,  nausea  and  vomiting  continued  for  2  days 
when  he  was  brought  to  Philadelphia  by  ambulance  and  placed  in  the  Jefferson  Hospital. 
admission  he  still  complained  of  pain  in  the  occipital  and  supraorbital  regions,  some  stiffness 
of  the  neck,  dizziness  and  nausea.  His  temperature  was  100;  pulse  was  120  per  minute;  blood 
pressure  was  140/100;  respiration  was  20.  The  temperature  came  down  to  normal  within 
two  days  and  remained  normal.  The  blood  pressure  also  came  down  to  120/80  and  remained 
at  that  level  during  his  4  weeks’  stay  at  the  hospital.  The  physical  examination,  with  the  ex¬ 
ception  of  some  nuchal  rigidity  and  certain  neurological  signs,  was  normal.  The  neurologic  ex¬ 
amination  (confirmed  by  Dr.  B.  P.  Weiss)  showed  lateral  nystagmus,  slight  nuchal  rigidity,  in¬ 
complete  bilateral  Kernig's  sign,  and  a  tendency  to  Babinski  reflex  on  the  right,  absent  on  the 
left. 

Spinal  fluid  examination  showed  increased  pressure;  the  spinal  fluid  was  blood  stained 
and  contained  many  red  blood  corpuscles  and  a  few  white  cells.  Culture  was  negative. 

Eye  examination  as  reported  by  Dr.  C.  E.  G.  Shannon  showed  normal  fundi  and  normal 
pupillary  reaction,  though  some  horizontal  nystagmus  on  extreme  rotation  to  right  and  left. 

X-ray  examination  showed  large  paranasal  sinuses,  evidence  of  chronic  sinusitis  involving 
the  left  frontal  and  right  ethmoid.  Examination  of  the  head  was  reported  as  negative.  The 
pituitary  fossa  was  of  normal  appearance  and  measured  A.  P.  10  mm.,  depth  7  mm. 

The  quantity  of  urine  during  the  first  week  of  his  stay  in  the  hospital  ranged  from  9,830 
cc.  to  12,980  cc.  in  24  hours  (intake  of  fluid  from  8,760  to  9,500  cc.  in  24  hours).  First  speci¬ 
men  of  urine  after  glucose  injection  was  alkaline;  sp.  gr.  1.009;  albumin  test  result,  negative; 
sugar  test  result,  positive,  0.71%;  all  else  was  negative.  Subsequent  specimens,  sp.  gr.  i.ooi 
to  1.003  or  1-004;  all  else  was  negative.  Blood  count  was,  hb.  94%;  R.B.C.,  4,750,000; 
W.B.C.  13,800;  Wasserman  Kahn  Test  results,  negative;  N.P.N.,  34  to  28  mg.;  glucose, 
68  mg. 

The  diagnosis  was  diabetes  insipidus,  spontaneous  subarachnoid  hemorrhage  possibly 
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due  to  a  rupture  of  small  aneurysm  of  the  circle  of  Willis.  The  patient  was  in  the  hospital 
for  nearly  4  weeks.  During  his  stay  in  the  hospital,  his  headache,  rigidity  of  the  neck,  nystag' 
mus  and  the  abnormal  reflexes  gradually  disappeared.  His  blood  pressure  which  previous  to 
the  hemorrhage  ranged  between  170/90  and  180/94,  continued  at  120/80;  the  thirst  was 
definitely  lessened  so  that  his  daily  intake  was  only  3,095  cc.  and  his  output  of  urine  came 
down  to  4,430,  though  the  specific  gravity  remained  at  1.006  or  1.007. 

It  is  now  27  months  since  the  patient  was  discharged  from  the  hospital,  and  he 
has  continued  in  good  health.  His  blood  pressure  has  remained  between  120/80  and 
130/84.  He  states  that  his  thirst  and  polyuria  have  diminished,  but  by  force  of  habit, 
when  he  sees  water,  he  wants  to  drink  it;  this  thirst  is  not  quite  as  compelling,  and 
he  can,  to  some  extent,  control  his  intake  of  fluids.  When  he  drinks  less,  his  urine 
output  is  diminished. 

SUMMARY 

A  case  of  diabetes  insipidus  with  moderate  hypertension,  of  approximately  20 
years’  duration,  that  has  improved  in  both  the  diabetes  insipidus  symptoms,  and  in 
the  hypertension,  following  a  spontaneous  subarachnoid  hemorrhage.  It  is  believed 
that  the  hemorrhage  was  due  to  the  rupture  of  a  small  aneurysm  of  the  circle  of  Willis; 
that  when  the  aneurysm  was  intact,  it  exerted  pressure  at  the  base  of  the  brain  in 
the  pituitary  hypothalamic  region,  and  that  the  removal  of  pressure  in  that  region 
caused  definite  amelioration  of  symptoms.  A  total  cure  is  hardly  to  be  expected  in  a 
case  of  such  chronicity  as  definite  changes  interfering  with  normal  function  may  pos' 
sibly  have  taken  place  in  that  portion  of  the  brain  which  is  said  to  be  responsible 
for  diabetes  insipidus. 
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SINCE  Harris  (i)  demonstrated  the  existence  of  spontaneous  hypoglycemia 
numerous  cases  have  been  reported.  Excellent  surveys  have  been  published 
(2,  3).  The  majority  of  the  cases  have  been  caused  by  endogenous  hyper' 
insulinism,  either  due  to  what  is  assumed  to  be  hyperactivity  of  the  islets  of  Langer- 
bans,  or  to  hyperplasia  of  the  islets,  or  to  well  defined  adenomas  or  carcinomas  of  the 
islets.  Further,  cases  of  spontaneous  hypoglycemia  have  been  observed  in  diseases 
of  the  liver,  in  which  the  liver  was  unable  to  store  glycogen;  during  lactation;  in 
renal  diabetes,  on  account  of  carbohydrate  loss;  and  also  in  several  other  transitory 
or  permanent  disorders. 

A  special  group  of  these  diseases  is  formed  by  the  cases  in  which  spontaneous 
hypoglycemia  is  probably  due  to  reduced  formation  of  hormones  which  have  an 
elevating  effect  on  the  blood  sugar:  affections  of  the  pituitary,  the  adrenals  and  the 
thyroid.  The  most  interesting  cases  are  those  in  which  spontaneous  hypoglycemia  is 
probably  connected  with  insufficiency  of  the  anterior  lobe  of  the  pituitary;  only  very 
few  cases  of  this  kind  are  known. 

Here  a  case  of  Simmonds’  disease,  combined  with  attacks  of  hypoglycemia,  is 
reported.  In  another  paper  the  case  will  be  published  together  with  the  two  other 
cases  of  Simmonds’  disease,  and  the  diagnosis  and  treatment  will  be  further  discussed 

(4). 


- -  CASE  REPORT 

A  woman,  48  years  of  age,  was  admitted  to  Bispebjerg  Hospital,  Medical  Department  C. 
Nov.  26,  I9J7  Oct.  22,  1938  for  observeration  for  possible  cancer  of  the  stomach.  She  had 
been  healthy  in  her  childhood  and  youth,  and  had  gone  through  a  normal  pregnancy  and 
labor  in  1909.  In  1916  her  menstrual  flow  decreased  and  the  intervals  became  longer,  and 
after  a  couple  of  years  menstruation  completely  ceased.  At  the  same  time  the  patient  lost 
the  axillary  and  pubic  hairs  almost  completely.  She  also  began  to  lose  in  weight,  her  total 
loss  being  25  kg.  She  became  increasingly  tired  and  indisposed.  But  she  only  felt  truly  ill 
for  the  last  few  years  before  her  admission  to  hospital;  for  the  last  weeks  before  admission 
she  had  stayed  in  bed  because  of  fatigue. 

Physical  examination.  She  looked  much  older  than  her  years,  was  extremely  pale,  thin 
and  fatigued.  Her  skin  was  strangely  dry,  thin  and  wrinkled.  The  features  of  her  face  were 
very  small,  the  impression  being  one  of  acromicria.  The  change  in  the  patient’s  features  as 
the  years  have  passed  are  clearly  seen  from  the  photographs  in  figures  i,  2,  3.  The  hair  of 
her  head  was  natural;  the  eye-brows  very  thin;  the  axillary  hairs  were  completely  gone,  and 
the  pubic  hairs  very  scarce  (fig.  4).  Her  mental  condition  was  usually  normal,  she  was  of 
a  kind  and  quiet  disposition. 

Further  somatic  examination  did  not  reveal  anything  abnormal  except  for  the  genital 
organs.  The  external  genitalia  were  very  atrophic.  The  vagina  was  so  narrow  that  it  hardly 
allowed  the  introduction  of  a  rectal  speculum,  and  not  of  a  finger.  The  vaginal  portion  was 
no  larger  than  a  farthing.  By  rectal  examination  the  uterus  could  not  be  felt  with  certainty. 
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but  it  seemed  that  the  corpus  uteri  was  lying  in  prolongation  of  the  colum,  its  size  being 
hardly  that  of  a  walnut.  The  whole  region  looked  strangely  pale  and  extinct. 

The  height  of  the  patient  was  167  cm.,  her  weight  50  kg.  Her  temperature  lay  between 
36®  and  37°C.  Her  pulse  rate  was  about  60,  and  her  blood  pressure  100/60  mm.  of  mercury. 

Special  examinations.  Hemoglobin  was  63%,  red  cell  count  3.1  millions,  color  index 
1. 01,  white  cell  count  5700;  differential  count  neutrophils  67%,  eosinophils  10%,  lympho' 


Fig.  I,  2,  3.  Changes  in  the  patient's  features,  1909,  1920,  1938. 

Fig.  4.  Patient  at  time  of  admission  to  hospital. 

cytes  23%.  Icterus  index  was  5;  reticulocytes  0.6%.  The  blood  film  did  not  reveal  any 
abnormalities  in  the  red  blood  cells;  Price-Jones’  curve,  M.D.F.^Fju,  s,  0.61  fi,  no  micro- 
nor  megalocytosis.  Wassermann  reaction  was  negative.  Serum  calcium  was  10  mg.  per 
100  cc.  The  urine  contained  neither  albumin  nor  sugar.  Repeated  determinations  of  the 
B.M.R.  showed  a  reduction  of  about  20%.  X-ray  examination  of  the  sella  turcica  showed  it 
to  be  of  normal  size  and  shape  without  any  destruction  or  calcifications.  Examination  of 
the  eyes  did  not  reveal  any  abnormalities,  the  visual  fields  were  normal,  as  was  colored  vision. 
Determination  of  the  hormone  content  of  the  urine  from  3  successive  days  (determinations 
made  at  “Leo”  chemical  laboratory)  showed  an  excretion  of  less  than  2.5  r.u.  gonadotropic 
hormone  per  24  hours  (normal  2.5  to  25  r.u.),  and  less  than  ii  m.u.  of  estrin  (normal  15  to 
150  M.U.).  Ewald’s  test  meal:  30  minutes,  50+41  cc.  was  badly  digested,  and  contained 
mucus;  congo  20,  phenolphthalein  41.  A  series  of  examinations  of  the  stools  showed  that 
they  did  not  contain  blood.  X-ray  examination  of  the  stomach  showed  no  abnormalities. 
The  fasting  blood  sugar  values,  determined  many  times  during  the  first  months  of  the 
patient's  stay  at  the  department,  were  usually  between  70  and  90  mg.  per  100  cc.,  a  few 
times  as  low  as  65  mg.  per  100  cc.  A  glucose  tolerance  test  with  50  gm.  of  glucose  did  not 
show  anything  abnormal  during  2 )+  hours. 

Course  of  the  disease.  During  the  first  part  of  January  1938  it  was  observed  that  the 
patient  had  grown  nervous  and  irritable.  And  one  morning  about  5 : 30  she  suddenly  became 
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delirious  and  restless.  Her  condition  was  interpreted  as  an  acute  psychosis,  she  was  given 
a  sedative  injection,  and  grew  quieter.  But  at  8:50  she  was  again  restless  and  confused,  and 
spontaneous  hypoglycemia  was  suspected.  Her  blood  sugar  was  38  mg.  per  100  cc.,  and 
after  she  had  taken  50  gm.  of  glucose  by  mouth  she  was  again  clear,  and  was  well  for  the 
remaining  part  of  the  day.  At  the  same  hour  the  next  morning  she  had  a  similar  attack,  but 
it  was  more  pronounced  with  delirium  and  violent  psychic  and  motor  anxiety.  Her  blood 
sugar  was  43  mg.  per  100  cc.;  she  became  normal  again  immediately  after  she  had  received 
10  gm.  of  glucose  intravenously.  During  the  remainder  of  the  day  she  was  given  ample 
carbohydrates,  but  in  spite  of  her  blood  sugar  being  normal  she  was  exhausted  and  drowsy 
and  was  not  quite  well  again  for  the  first  few  days.  Since  then  she  has  received  food  every 
3  to  4  hours  all  through  the  day  and  night.  In  this  manner  we  succeeded  in  avoiding  more 
severe  attacks,  but  during  the  first  months  she  had  several  mild  hypoglycemic  attacks  with 
giddiness,  headache  and  strange  transient  psychical  disorders,  during  which  she  was  dis' 
trustful,  querulous,  and  once  or  twice  had  delusions.  During  one  of  these  episodes  her  blood 
sugar  was  found  to  be  as  low  as  45  mg.  per  100  cc.  The  symptoms  subsided  when  sugar 
was  administered. 

A  sugar  tolerance  curve  in  which  the  sugar  determinations  were  continued  for 
hours  (fig.  3)  showed  a  phase  of  pronounced  hypoglycemia  with  slight  giddiness  after  4  to 
4H  hours,  increasing  pronounced  giddiness,  loss  of  strength  and  drowsiness  after 
hours.  These  symptoms  vanished  quickly  after  the  patient  had  received  glucose.  A  blood 
sugar  curve  after  injection  of  i  mg.  adrenalin  showed  a  rise  in  fasting  blood  sugar  from  66  to 
106  mg.  per  100  cc. 

In  order  to  avoid  the  frequent  meals  a  treatment  with  an  alkaline  extract  of  the 
anterior  lobe  of  the  pituitary  was  begun.  The  extract  was  of  the  same  kind  as  that 
used  by  Lassen  and  Hansen  (5).  The  “Leo”  chemical  laboratory  was  kind  enough 
to  make  the  preparation.  Before  this  treatment  was  begun  the  patient  was  started 
on  a  constant  and  weighed  diet  with  a  constant  amount  of  carbohydrate,  fat  and 
protein,  the  same  quantity  being  given  at  the  same  meals  every  day.  After  an  initial 
period  of  i  week  the  blood  sugar  values  every  third  hour  for  24  hours  were  deter¬ 
mined;  following  this  10  cc.  of  the  extract  were  injected  at  1 1  a.m.  and  1 1  p.m.  (10  cc. 
corresponded  to  0.5  gm.  dried  or  2.5  gm.  fresh  anterior  lobe).  Figure  4  shows  an 
average  curve  for  4  days  and  nights  prior  to  treatment,  and  a  corresponding  curve 
for  4  days  and  nights  after  a  j-day  treatment.  These  two  curves  do  not  differ  very 
much ;  only  at  2  hours  is  the  blood  sugar  of  the  second  curve  higher  than  that  of  the 
first,  namely  at  ii  p.m.  when  it  was  25  mg.  per  100  cc.  higher,  and  at  2  a.m.  when  it 
was  32  mg.  per  100  cc.  higher.  It  may  be  remarked  that  the  single  values  of  each 
period  were  close  to  the  mean  values,  e.g.  before  treatment  with  the  extract  was  com¬ 
menced  the  highest  value,  at  2  a.m.,  is  lower  than  the  lowest  value  during  treatment. 
Some  days  later  a  single  determination  at  the  same  hour  showed  a  blood  sugar  value 
of  200  mg.  per  100  cc.  but  we  did  not  succeed  in  raising  the  curve  as  a  whole.  In¬ 
creasing  the  dose  to  twice  16  cc.  of  extract  per  24  hours  was  not  able  to  do  this 
either.  This  treatment  was  therefore  abandoned. 

Regarding  the  further  treatment  and  course  of  the  disease  we  shall  only  say 
here,  that  considering  the  excellent  effect  we  have  seen  of  gonadotropic  hormone  in 
two  other  patients  with  Simmonds’  disease,  intense  treatment  with  physex  (Leo),  a 
gonadotropic  hormone  preparation  from  pregnancy  urine,  was  commenced.  A  total 
of  600  i.u.  were  given  daily  for  3  months,  but  there  was  still  no  effect  from  the  treat¬ 
ment.  Supplementary  treatment  with  antex  (Leo),  a  gonadotropic  hormone  prepara¬ 
tion  from  pregnant  mare’s  serum,  200  m.u.  daily  for  2  months  also  was  without  effect. 
Treatment  with  estrin  was  therefore  begun,  injections  of  ovex  (Leo),  10,000  i.b.u. 
per  week;  during  this  treatment  the  patient  improved  slowly,  but  indubitably;  her 
strength  increased  considerably  and  she  put  on  3)^  kg.  in  weight;  her-appearance  did 
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not  decisively  change,  her  skin,  hair  and  genital  organs  remained  the  same.  After 
four  months’  treatment  with  ovex  she  was  able  to  be  out  of  bed  for  the  greater  part 
of  the  day,  and  we  were  able  to  discharge  her  to  her  home,  where  she  continued  with 
injections  of  ovex  and  meals  every  4  hours.  On  reexamination  5  months  after  she 
had  been  discharged  she  was  still  doing  fairly  well,  she  had  gained  further  i  kg.  in 
weight,  and  had  not  presented  any  hypoglycemic  symptoms. 

DISCUSSION 

The  patient  presented  the  clinical  picture  of  Simmonds’  syndrome  in  typical 
form.  As  there  were  no  signs  of  tumor  of  the  pituitary  the  case  represents  Simmonds’ 
disease  in  the  strict  sense. 

On  admission  the  patient  was  cachectic,  but  there  was  no  doubt  that  she  had 
been  suffering  from  the  disease  for  about  20  years.  This  case  shows  that  cachexia 


Fig.  5.  Glucose  tolerance  curve  (after  ingestion  of  50  gm.  glucose).  Fig.  6.  Average  blood  sugar 

CURVE  for  4  DAYS  AND  NIGHTS  PRIOR  TO  TREATMENT  (broken  line)  AND  THE  CORRESPONDING  CURVE  FOR 
4  DAYS  AND  NIGHTS  DURING  TREATMENT  WITH  PITUITARY  EXTRACT  (soHd  line). 

may  be  a  late  symptom;  in  this  case,  as  in  several  of  the  cases  published  in  the  litera- 
ture,  it  would  have  been  possible  to  make  the  diagnosis  long  before  the  development 
of  cachexia. 

Besides  the  premature  senium,  loss  of  weight  and  atrophy  of  the  gonads  the  con- 
dition  of  the  patient  was  dominated  by  a  tendency  towards  severe  hypoglycemic 
shock. 

Cushing  (6)  has  reported  that  the  blood  sugar  may  be  reduced  in  pituitary  dis' 
orders,  his  case  was  a  chromophobe  adenoma.  In  the  years  after  Simmonds’  (7)  de- 
scribed  the  disease  which  now  bears  his  name,  a  tendency  to  low  blood  sugar  values 
was  found  to  be  a  fairly  common  symptom  in  this  affection.  J.  Wilder  (8),  however, 
deserves  the  merit  of  having  demonstrated  the  presence  of  spontaneous  hypoglycemia 
in  affections  of  the  pituitary;  he  reported  two  cases  in  tumors  of  the  pituitary,  and 
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he  was  able  to  collect  some  other  cases  from  the  literature  in  which  it  seemed  probable 
that  hypoglycemia  was  of  pituitary  origin. 

So  far  the  most  indubitable  cases  of  spontaneous  hypoglycemia  in  decisive  Sim- 
monds’  disease  have  been  reported  by  Farquharson  and  Graham  (9),  Rose  and  Wein^ 
stein  (10),  Hiibschmann  (ii)  and  Gallavan  and  Steegman  (12).  But  it  does  not  seem 
unlikely  that  several  other  patients  with  Simmonds’  disease  who  have  died  in  coma, 
have  been  suffering  from  hypoglycemia.  Furthermore,  several  cases  which  have  been 
described  as  cases  of  spontaneous  hypoglycemia  in  pluriglandular  insufficiency  ought 
to  be  regarded  as  cases  of  Simmonds’  disease.  This  refers  to  a  well  known  case  pub' 
lished  by  Stenstrom  (13);  the  picture  of  this  case  perfectly  corresponds  to  the  one 
described  here,  and  the  postmortem  hndings,  published  by  Stenstrom  and  Sjbvall 
(14),  resemble  the  characteristic  findings  of  Simmonds’  disease.  This  also  refers  to 
some  other  cases  of  spontaneous  hypoglycemia  (15,  16,  17). 

In  the  case  reported  here  and  in  the  above  mentioned  cases  of  Simmonds’  disease 
it  seems  probable  that  hypoglycemia  is  due  to  a  reduced  production  of  the  hormone 
from  the  anterior  lobe  of  the  pituitary  which  increases  the  blood  sugar,  the  diabeto¬ 
genic  hormone,  combined  with  a  normal  production  of  insulin.  As  regards  the  present 
patient,  it  does  not  seem  probable  that  her  hypoglycemia  was  due  to  adrenal  insuffi¬ 
ciency,  as  she  did  not  present  other  symptoms  of  such  an  affection;  nor  does  the 
probability  of  an  affection  of  the  liver  seem  great,  as  the  adrenalin  test  showed  a  nor¬ 
mal  rise  in  blood  sugar.  It  is  of  course  not  possible  to  exclude  hyperinsulinism  due  to 
a  tumor  or  hyperplasia  of  the  islets  of  Langerhans;  but  in  those  cases  of  Simmonds’ 
disease  in  which  postmortem  examination  has  been  described  the  pancreas  has  been 
normal. 

Symptomatic  treatment  of  the  hypoglycemia  with  frequent  meals  during  the  day 
and  night  was  indeed  beneficial,  but  by  no  means  ideal,  and  therefore  the  possibility 
of  a  more  causal  therapy  had  to  be  tried. 

One  of  the  most  important  steps  in  the  investigations  on  the  diabetogenic  hor¬ 
mone  of  the  pituitary  were  made  by  Young  (18).  By  injecting  a  specially  prepared 
extract  of  the  anterior  lobe  he  was  able  to  produce  permanent  diabetes  in  dogs.  This 
condition  persisted  for  several  months  after  the  injections  had  been  stopped,  in  con¬ 
tradistinction  to  the  transitory  ‘diabetogenic’  effect  of  other  extracts.  The  fact  that 
Young’s  dogs  at  autopsy  presented  degeneration  of  the  islets  of  Langerhans  (19)  con¬ 
vinces  us  that  he  has  been  working  with  a  true  diabetogenic  substance. 

A  possible  treatment  of  pituitary  spontaneous  hypoglycemia  would  be  to  induce 
a  reduction  of  the  insulin  production  of  the  pancreas  in  a  similar  manner.  But  Young’s 
experiments  were  carried  out  with  very  crude  preparations  which  cannot  be  adminis¬ 
tered  to  human  beings  (personal  communication  from  Dr.  Young)  and  it  would  seem 
questionable  to  produce  such  an  effect  upon  the  pancreas  when  we  do  not  possess 
any  means  of  limiting  the  degree  of  the  process. 

But  it  was  considered  justifiable  to  try  to  treat  the  patient  with  an  alkaline  ex¬ 
tract  of  the  anterior  pituitary  of  the  same  kind  as  used  by  Lassen  and  Hansen  (5), 
which  preparation  they  were  able  to  demonstrate  had  a  transient  diabetogenic  effect 
in  experiments  in  normal  individuals  and  diabetics.  Treatment  with  such  a  prepara¬ 
tion  under  the  same  conditions  as  in  Lassen  and  Hansen’s  experiments  was  of  some 
effect,  but  did  not  produce  any  satisfactory  rise  in  the  blood  sugar. 

It  has,  therefore,  been  necessary  to  limit  the  treatment  to  checking  the  tendency 
to  hypoglycemia  with  frequent  meals,  and  for  more  than  a  year  it  has  been  possible 
to  keep  the  patient  free  of  attacks. 

The  failure  of  the  treatment  with  gonadotropic  hormones  is  probably  due  to  the 
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ovaries  having  atrophied  to  such  a  degree  that  they  no  longer  possess  tissue  that  is 
capable  of  reacting  during  the  prolonged  insuflSciency  of  the  pituitary  gland.  But 
direct  substitution  therapy  with  follicle  hormone  was  associated  with  an  improve- 
ment,  though  only  a  limited  one. 


_ _  SUMMARY 

A  case  of  Simmonds'  disease  in  a  female,  48  years  old,  is  described.  The  main 
symptoms  were:  amenorrhoea  since  the  age  of  thirty,  loss  of  the  axillary  and  pubic 
hair,  premature  senility,  loss  in  weight,  dry  and  atrophic  skin,  atrophy  of  the  genital 
organs,  reduced  basal  metabolic  rate,  anemia,  and  low  blood  sugar  values  with  severe 
hypoglycemic  attacks. 

By  giving  frequent  meals  it  has  been  possible  to  keep  the  patient  free  of  hypo¬ 
glycemic  attacks.  Treatment  with  an  alkaline  extract  of  the  anterior  pituitary  caused 
some  rise  in  the  blood  sugar,  but  the  effect  was  not  constant  enough  to  justify  per¬ 
sistent  treatment. 

Intense  treatment  with  gonadotropic  hormone  was  unable  to  improve  the  condi¬ 
tion  of  the  patient.  Treatment  with  estrin  (estradiol  benzoate)  resulted  in  a  certain 
degree  of  improvement. 
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EPILEPSY  COMPLICATED  BY  UNCONTROLLABLE 
DIABETES  MELLITUS 


ALEXANDER  T.  ROSS  and  WILLARD  W.  DICKERSON 
From  the  Caro  State  Hospital  for  Epileptics 

WAHJAMEGA,  MICHIGAN 

IT  IS  GENERALLY  HELD  that  thc  concutrence  of  diabetes  mellitus  and  epilepsy  is 
rare.  No  reliable  statistics  are  available  on  the  matter.  Joslin  (i)  stated  that  he 
had  no  clear'cut  cases  of  epilepsy  among  his  6000  glycosurics,  of  whom  5086 
were  true  diabetics.  One  of  the  patients  had  epileptiform  attacks.  Jordan  (2)  re- 
ported  22  cases  of  epilepsy  in  9503  diabetics  or  an  incidence  of  2.3  per  1000.  From 
the  tables  of  Joslin,  Talbot  and  Weeks  he  computed  the  theoretical  incidence  to  be 
1.7  cases  of  epilepsy  among  1,000  diabetic  persons  of  all  ages.  Epilepsy,  of  course, 
usually  manifests  itself  in  a  younger  group  of  individuals  than  does  diabetes.  At  the 
Caro  State  Hospital  for  Epileptics,  we  have  had  2  proved  cases  of  diabetes  in  3182 
admissions.  These  2  patients  form  the  basis  of  this  report. 

It  is  recognized  that  rarely  convulsions  may  occur  in  the  presence  of  diabetic 
acidosis.  The  existence  of  such  a  relationship  has  led  to  considerable  speculation 
concerning  the  biochemical  processes  involved.  Labbe  (3)  reported  4  cases  of  con¬ 
vulsions  in  diabetic  acidosis  and  coma.  He  injected  oxybutyric  acid  in  animals  but 
was  not  successful  in  producing  convulsions  in  all  cases.  It  was  his  opinion  that 
diabetic  epilepsy  was  not  a  manifestation  of  hyperglycemia  but  of  acidosis.  However, 
most  cases  of  ‘acidotic  epilepsy’  were  reported  during  the  period  when  alkali  was 
the  mainstay  in  the  treatment  of  acidosis,  and  the  convulsions  were  likely  due  to  a 
rapid  change  in  the  acid-base  balance. 

The  successful  treatment  of  epilepsy  by  dehydration  and  the  use  of  the  ketogenic 
diet  would  lead  one  to  expect  that  the  coexistence  of  ketosis  and  dehydration  in  an 
uncontrolled  diabetic  with  epilepsy  would  tend  to  inhibit  the  frequency  of  that 
patient’s  convulsions.  Observations  by  ourselves  and  others  indicate  that  apparently 
this  does  not  hold  true.  The  use  of  insulin  in  the  control  of  the  diabetes,  by  the  pos¬ 
sibility  of  producing  hypoglycemia,  mental  clouding,  and  convulsions,  adds  another 
factor  for  consideration  in  an  already  confusing  situation. 

Joslin  (i)  had  a  patient  who  developed  diabetes  at  1.6  years,  and  1.3  years  later 
developed  epileptiform  seizures.  His  attacks  were  apparently  worse  when  the  dia¬ 
betes  was  poorly  controlled.  Lennox  and  Bellinger  (4)  mention  a  severe  diabetic  in 
whom  the  induction  of  hypoglycemia  resulted  on  one  occasion  in  convulsions  and  on 
another  in  unconsciousness.  As  the  diabetes  improved  the  convulsions  became  worse 
and  occurred  without  reference  to  the  administration  of  insulin.  Jordan  (2)  states 
“in  no  case  was  it  apparent  that  the  diabetes  or  its  treatment  gave  any  relief  from  the 
epilepsy.’’  He  did  note,  however,  that  occasionally  hypoglycemia  from  insulin  seemed 
to  give  rise  to  a  greater  number  of  seizures.  Sedatives  seemed  to  be  of  some  benefit 
to  12  of  his  22  patients.  In  most  of  his  patients,  there  was  no  definite  evidence  of 
organic  brain  disease. 

The  concentration  of  sugar  in  the  blood  and  its  relationship  to  seizures  has  been 
given  considerable  attention.  Lennox  et  al.  (5)  found  no  abnormality  in'  concentration 
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of  blood  sugar  and  no  direct  relationship  between  the  sugar  level  and  seizures  in  267 
epileptics.  Our  studies  in  50  patients  are  essentially  similar  to  theirs. 

One  would  expect  that  because  of  the  lowered  anticonvulsive  threshold  in  epi' 
leptics  their  ability  to  tolerate  insulin  would  be  lowered.  However,  Ziskind  and 
Bolton  (6)  injected  10  to  60  u  of  insulin  into  40  epileptics  and  did  not  cause  a  single 
convulsion.  Superhydration  (one  quart  of  water  every  30  minutes  until  7  quarts 
had  been  given)  plus  insulin  precipitated  4  convulsions  in  30  patients.  The  seizures 
did  not  coincide  with  the  lowest  blood  sugar  concentration.  Superhydration  without 
insulin  also  brought  about  4  convulsions.  They  concluded  that  spontaneous  hypo¬ 
glycemia  is  probably  not  a  prevalent  factor  in  the  precipitation  of  seizures  in  epileptic 
patients. 

The  following  2  cases  are  presented  to  illustrate  the  difficulties  encountered  in  the 
management  of  patients  in  whom  there  is  a  simultaneous  occurrence  of  severe 
diabetes  mellitus  and  epilepsy.  The  clinical  picture  changes  so  rapidly  and  is  so  con¬ 
fusing  that  the  physician  is  in  a  sea  of  continuous  perplexity. 

Case  I.  L.  B.  No.  2591.  This  white  girl  was  first  admitted  to  the  Caro  State  Hospital 
for  Epileptics  on  June  29,  1934,  at  which  time  she  was  12  years  of  age.  There  was  almost  no 
family  or  early  personal  history  available.  According  to  the  history  furnished  by  the  parents, 
she  was  born  by  natural  delivery  at  full  term,  after  a  normal  labor.  She  weighed  7  lb.  There 
were  no  neonatal  convulsions.  Dentition  began  at  4  months  and  was  attended  by  spasms  of 
unknown  number  and  severity.  She  began  to  walk  at  ii  months  and  to  talk  at  16  months. 
At  the  age  of  one  year  typical  epileptic  fits  were  occurring. 

It  is  not  known  at  what  age  her  diabetes  mellitus  was  discovered.  She  was  first  seen  at 
the  University  Hospital,  Ann  Arbor,  Michigan  (1929),  when  8  years  of  age.  At  that  time 
her  home  physician  was  unable  to  find  an  insulin  dosage  which  would  control  her  glycosuria 
satisfactorily.  Between  1929  and  1934  she  was  admitted  to  the  University  Hospital  on  ii  dif¬ 
ferent  occasions  because  of  severe  acidosis  and  difficulty  in  controlling  her  diabetes.  This  dif¬ 
ficulty  was  aggravated  during  measles,  chicken  pox  and  diphtheria.  One  of  the  admissions 
was  necessary  because  of  acute  purulent  appendicitis  which  was  successfully  operated  upon. 
It  was  never  possible  to  control  her  diabetes  completely  for  more  than  3  days  at  a  time.  She 
had  many  convulsive  attacks,  a  large  number  being  definitely  associated  with  hypoglycemia. 
In  one  such  attack  the  blood  sugar  was  45  mg.  per  100  cc.  However,  there  were  a  number  of 
attacks  during  periods  of  continuing  glycosuria. 

Her  diabetes  rapidly  increased  in  severity.  During  her  first  admission,  an  insulin  dosage 
of  lo-o-io  on  a  diet  with  available  glucose  of  112  gm.  provided  the  most  nearly  accurate  con¬ 
trol.  In  1933  an  insulin  dosage  of  22-0-16  was  necessary  to  care  for  a  diet  containing  91  gm. 
of  available  glucose.  In  1934  she  was  fairly  well  controlled  at  home  on  75  u  of  insulin  per  day. 
However,  she  gradually  became  acidotic  and  at  the  time  of  her  last  discharge  from  the 
University  Hospital  she  required  94  u  of  insulin  per  day  to  passably  control  a  diet  containing 
200  gm.  of  available  glucose.  It  was  believed  that  she  was  a  nearly  complete  diabetic. 

Physical  examination  at  the  time  of  admission  to  the  Caro  State  Hospital.  She  was  a  white 
child  50  in.  in  height,  weighing  74  lb.,  with  an  oral  temperature  of  98.4°,  pulse  100,  respira¬ 
tions  22.  She  was  small  for  her  age,  but  well  nourished.  There  was  an  acetone  odor  present 
on  the  breath.  Physical  and  neurologic  examinations  showed  no  significant  abnormalities. 

Laboratory  data.  The  admission  blood  count  was  within  normal  limits.  Examination  of 
the  urine  showed  4  +  glucose  and  4  +  acetone.  The  specific  gravity  was  1.028.  There  was  no 
albumin  present.  The  blood  sugar  was  404  mg.  per  100  cc.  The  blood  Kahn  test  result  was 
negative. 

Course  in  hospital.  She  was  placed  on  a  milk  diet,  supplemented  by  the  forcing  of 
additional  fluids  by  mouth  and  by  hypodermoclysis.  She  was  given  8  u  of  insulin  every  4 
hours  until  the  urine  was  free  of  acetone.  She  was  then  placed  on  a  diet  of  protein  45  gm., 
fat  90  gm.,  carbohydrate  50  gm.,  with  an  insulin  dosage  of  10  u  3  times  a  day.  It  was  impos¬ 
sible  to  stabilize  the  diet  and  insulin  dosage  so  that  she  would  remain  both  aglycosuric 
and  free  of  insulin  reactions.  From  time  to  time  she  had  convulsions,  but  these  occurred 
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at  irregular  intervals,  and  did  not  appear  to  be  definitely  related  to  the  diabetic  status. 
She  experienced  these  convulsions  both  in  periods  of  aglycosuria  and  when  glycosuria 
and  acetonuria  were  present  throughout  the  day. 

She  was  paroled  at  the  insistence  of  her  mother  on  September  8,  1934.  At  that  time  there 
had  been  no  acetonuria  for  45  days,  but  she  continued  to  excrete  some  glucose  in  the  urine. 
The  discharge  diet  consisted  of  protein  45  gm.,  fat  90  gm.,  carbohydrate  50  gm.,  with  insulin 
dosage  of  23-1 5^20. 

She  was  readmitted  in  the  early  morning  of  April  14,  1935,  in  a  semicomatose  and  oh- 
viously  acidotic  condition.  There  was  4+  glucose  and  4+  acetone  in  the  urine.  Her  blood 
sugar  was  312  mg.  per  100  cc.  She  was  given  25  gm.  of  glucose  in  5%  solution  per  rectum, 
together  with  20  u  of  insulin.  This  was  repeated  at  noon.  At  i :  30  p.m.  the  blood  sugar  was 
1 30  mg.  per  100  cc.  but  acidosis  was  still  present.  She  was  then  given  30  gm.  of  glucose  in 
50%  solution  and  30  u  of  insulin  intravenously,  with  marked  improvement  in  her  condition. 
She  was  placed  on  an  1100  calorie  diet  with  insulin  dosage  of  i8'i8'20,  and  remained  fairly 
well  stabilized  until  she  developed  bilateral  purulent  otitis  media.  Paracenteses  were  made 
and  she  made  an  uneventful  recovery.  She  then  developed  a  paronychia  which  was  drained 
surgically.  After  a  stormy  period,  she  was  partially  stabilized  on  a  1500  calorie  diet  with  in¬ 
sulin  dosage  of  29-29-29. 

She  did  well  for  a  time  and  then  began  having  peculiar  reactions,  occurring  invariably 
in  the  late  afternoon  or  early  evening.  She  appeared  to  be  conscious,  but  showed  many  aim¬ 
less,  purposeless,  but  well-coordinated  movements.  She  would  injure  herself  by  bumping 
her  head  on  the  walls  and  floor.  Hypoglycemia  was  suspected,  but  the  blood  sugar  at  these 
times  was  never  below  285  mg.  per  100  cc.  The  administration  of  glucose,  phenobarbital 
or  pentobarbital  was  definitely  ineffective  in  preventing  these  actions. 

During  her  stay  in  the  hospital,  she  averaged  8  seizures  per  month.  These  occurred  at 
varying  times  with  no  one  hour  predominating.  There  was  no  proved  relationship  between 
the  seizures  and  the  amount  of  blood  sugar  present.  Fasting  blood  sugars  of  64.5  mg.,  71.5 
mg.,  71.5  mg.,  and  66.3  mg.  were  obtained  without  the  occurrence  of  seizures  on  those 
days.  On  May  14,  1935,  a  seizure  occurred  at  11:30  a.m.  immediately  following  the  tak¬ 
ing  of  a  urine  specimen,  which  showed  4  +  glucose.  On  May  20  a  urine  specimen  showed 
4  +  glucose  at  6  a.m.,  a  seizure  occurred  at  7  a.m.  and  a  fasting  blood  sugar  of  322.2  mg.  was 
obtained  at  8  a.m.  On  June  18,  following  a  seizure  at  6 : 30  a.m.,  a  fasting  blood  sugar  of  344.2 
mg.  was  obtained  at  8  a.m.  On  September  9  a  seizure  at  4  a.m.  was  followed  by  a  urine  spec¬ 
imen  with  4  +  glucose.  Following  a  convulsion  at  6  a.m.  on  October  24,  the  urine  specimen 
was  negative  for  glucose,  and  fasting  blood  sugar  at  8  a.m.  was  80  mg. 

The  patient's  course  in  the  institution  was  turbulent  and  unpredictable.  With  no  change 
in  diet  or  insulin  dosage,  she  alternated  between  hyperglycemia  with  glycosuria,  and 
hypoglycemia  with  insulin  reactions.  She  remained  free  of  acetonuria  until  February  27, 1936, 
when  she  abruptly  passed  into  an  acidotic  coma,  from  which  it  was  impossible  to  rouse  her. 
She  died  February  28, 1936.  Autopsy  was  not  permitted. 

In  this  case  it  was  definitely  established  that  some  attacks  occurred  during 
periods  of  relatively  low  blood  sugar,  and  for  some  time  it  was  assumed  that  hypo¬ 
glycemia  was  the  etiologic  factor.  When  it  could  be  proved  that  convulsions  occurred 
during  periods  of  hyperglycemia  and  ketosis,  the  question  arose  whether  to  regard 
each  episode  as  a  manifestation  of  hypoglycemia,  of  acidosis,  or  of  the  convulsive 
diathesis.  At  the  time,  it  was  our  impression  that  the  better  controlled  the  diabetes 
the  more  severe  the  epileptic  manifestations,  and  also  that  the  converse  was  true. 
We  are  now  certain  that  there  was  no  constant  relation  between  the  two,  and  that 
each  condition  was  independent  of  the  other. 

Case  2.  R.  A.  H.  No.  3127.  This  20-year-old  white  female  was  admitted  to  the  Caro 
State  Hospital  for  Epileptics  July  28,  1939.  The  family  history  is  not  pertinent.  Delivery 
was  at  full  term  and  natural.  There  was  no  birth  injury,  and  she  had  no  neonatal  spasms. 
Teething  and  walking  began  at  i  year  and  talking  at  2  years.  Diabetes  mellitus  was  discovered 
at  the  age  of  3  years,  and  on  an  “under  nutrition  diet”  the  glycosuria  was 'controlled.  At  5 
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years  she  was  at  the  Banting  Clinic  where  the  use  of  insulin  was  inaugurated  in  her  case. 
Later  her  family  physician  placed  her  on  a  diet  of  protein  50  gm.,  fat  80  gm.,  carbohydrate 
32  gm.,  with  20  to  40  u  of  insulin  daily.  She  had  numerous  periods  of  acidosis  as  well  as  of 
hypoglycemia.  At  the  age  of  8  years  she  began  to  have  epileptiform  seizures,  and  was  placed 
on  luminal.  She  was  completely  studied  at  the  Joslin  Clinic  when  she  was  11  years  old  (1928). 
The  results  of  a  neurologic  examination  by  Dr.  G.  Horrax  were  essentially  negative,  and  a 
skull  x-ray  showed  nothing  remarkable.  While  at  the  Joslin  Clinic  she  had  many  seizures  at 
irregular  times.  Blood  sugar  estimations  varied  from  180  mg.  to  310  mg.  per  100  cc.  One  of 
the  estimations  made  during  a  convulsion  was  180  mg.  Spinal  fluid  sugar  at  a  later  date  was 
60  mg.  She  was  later  under  the  care  of  Dr.  C.  R.  Hills  of  Battle  Creek,  who  referred  her  to 
the  Caro  State  Hospital.  He  mentioned  her  mental  deficiency  and  the  frequency  of  her  con¬ 
vulsive  attacks.  She  was  on  a  diet  of  P  50,  F  75,  C  75,  with  14  u  of  insulin  at  each  meal.  Dr. 
Hills  remarked  that  although  she  showed  considerable  sugar  and  some  acetone  on  this  diet, 
any  attempt  to  lessen  these  substances  would  bring  on  more  frequent  seizures. 

Physical  examination  on  admission  to  the  institution.  The  patient  was  an  obese  imbecile, 
54>^  in.  tall  and  weighing  91  lb.  Circumference  of  the  head  was  53  cm.  The  face  was  broad, 
the  neck  short  and  thick,  the  extremities  short  in  proportion  to  the  trunk,  the  hands  and 
feet  small,  and  the  fingers  tapering.  There  was  a  slight  lumbar  lordosis.  There  were  extensive 
dental  caries,  malocclusion  and  gingivitis.  The  thyroid  was  not  enlarged.  The  breasts  con¬ 
tained  a  small  amount  of  glandular  tissue.  Physical  examination  was  otherwise  negative. 
The  blood  pressure  was  120/90.  Neurologic  examination  was  negative  except  for  generally 
hypoactive  but  equal  reflexes.  She  walked  with  a  slightly  rolling  gait. 

Laboratory  data.  The  blood  Kahn  test  result  was  negative.  A  complete  blood  count 
result  was  normal.  The  blood  sugar  was  300  mg.  per  100  cc.  The  urine  was  acid;  specific 
gravity  1.038;  albumin  negative;  glucose  4  + ;  acetone  negative. 

Course  in  hospital.  During  her  entire  hospitalization  she  was  on  a  diet  of  P  50,  F  75,  C  75. 
Attempts  were  made  to  control  her  diabetes  by  varying  the  insulin  dosage.  From  August  1 
to  August  10,  1938,  she  was  given  14  u  of  regular  insulin  3  times  a  day.  Glycosuria  was  per¬ 
sistently  4  +  with  acetonuria  fluctuating  from  negative  to  4  +  .  She  had  8  convulsions  occur¬ 
ring  at  hours  irrespective  of  insulin  administration  during  these  10  days.  On  August  ii, 
she  experienced  an  insulin  shock  but  had  no  seizures.  On  August  12  to 
7  seizures  in  the  course  of  the  day  with  4  +  glucose  and  3  +  acetonejjiJjfif'aTffierOii  August 
13,  she  received  45  u  of  insulin,  20  u  being  given  at  4  p.m.  She  h'adp  seizures  between  9  p.m. 
and  4  A.M.  that  night,  and  her  urine  was  free  of  glucose  and  acetone.  On  August  15,  she 
had  12  seizures  between  3  a.m.  and  7  a.m.  during  which  time  she  had  4+  glucose  in  the 
urine.  Although  she  received  20  u  of  insulin  at  7  a.m.,  at  8  a.m.  her  blood  sugar  was  125  mg. 
On  this  date  she  received  20  u  of  insulin  at  7  a.m.,  ii  a.m.,  and  5  p.m.  On  August  16  and 
August  17,  her  fasting  blood  sugar  was  449  and  500  mg.  respectively,  prior  to  the  adminis¬ 
tration  of  insulin.  She  had  4  +  glucose  and  4  +  acetone  on  both  days,  and  had  only  5  seizures, 
all  of  them  occurring  between  8  and  19  hours  after  the  last  insulin  injection.  On  August  18, 
55  u  of  insulin  were  given  between  8  and  ii  a.m.  Her  blood  sugar  dropped  from  550  to  143 
mg.  during  this  time.  At  noon  30  u  more  were  injected.  At  3  p.m.  she  developed  insulin 
shock.  On  this  date  she  had  no  convulsions,  either  when  hyperglycemic  and  ketotic,  or  when 
in  insulin  shock.  At  4:30  p.m.  August  18,  10  u  of  regular  insulin  and  5  u  of  protamine  zinc 
insulin  were  injected.  She  had  5  seizures  between  4  and  6  the  next  morning  and  her  fasting 
blood  sugar  at  7  a.m.  was  still  444  mg.  Her  urine  contained  4  +  glucose  and  4  +  acetone. 
During  August  19  she  received  60  u  of  regular  insulin  and  5  u  of  protamine  zinc  insulin  and 
had  8  seizures,  although  her  ketosis  persisted.  She  died  during  a  convulsion  at  7  a.m.,  August 
20, 1938,  before  her  morning  injection  of  insulin.  Her  urine  contained  4  +  glucose  and  a  trace 
of  acetone.  A  specimen  of  heart  blood,  taken  one  hour  after  death,  contained  500  mg.  of  sugar. 

Autopsy  was  performed  12K  hours  after  death.  The  pertinent  findings  were  as  follows. 
The  heart  was  droplet  in  shape  and  weighed  150  gm.  On  section  the  valves  appeared  normal 
and  the  coronary  vessels  and  aorta  showed  no  evidence  of  arteriosclerosis.  The  right  lung 
weighed  450  gm.  and  the  left  325  gm.  No  pathology  was  noted.  The  spleen  weighed  100  gm. 
and  was  adherent  to  the  diaphragm.  It  was  friable  and  pulpy.  The  right  kidney  weighed  160 
gm.  and  the  left  125  gm.  No  pathology  was  noted.  The  liver  was  unusually  large,  weighing 
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2250  gm.  The  adrenals  appeared  normal.  The  uterus  was  small,  measuring  2  X4  cm.  The  ovar- 
ies  were  small  and  firm,  and  showed  no  scars.  The  brain  weighed  1175  gm.  It  was  small. 
The  hemispheres  did  not  cover  the  cerebellum.  Report  by  Dr.  Konstantin  Lowenberg  of 
the  University  of  Michigan  was  as  follows:  “All  the  main  convolutions  are  present.  On 
coronal  section  the  convolutions  appear  partly  primitive  in  design.  The  cortex  is  doubled 
(especially  in  the  parietal  lobes).  The  white  matter  is  narrow.  There  is  apparently  a  degenera- 
tion  of  the  granular  layer  of  the  cerebellum  and  the  convolutions  of  the  latter  seem  primitive.” 

Histological  Report.  Brain:  Poorly  developed  architecture  with  many  neuroblastic  cells,  complete 
destruction  of  granular  layer  of  cerebellum.  Pancreas:  There  are  a  few  shrunken  and  degenerated 
Langerhans  islands  left;  the  pancreas  tissue  is  severely  degenerated.  Liver:  Shows  severe  exhaustion 
of  the  parenchyma  with  a  vast  degeneration  of  the  cells.  Ovaries:  Show  numerous  Graafian  follicles  and 
primordial  eggs;  no  ripe  and  well  preserved  forms. 

Clinically,  this  girl  exhibited  mental  and  skeletal  underdevelopment  associated 
with  epilepsy  and  uncontrollable  diabetes  mellitus.  Pathologically,  developmental 
retardation  was  found  in  the  brain,  ovaries  and  uterus,  together  with  degenerative 
changes  in  the  glandular  tissue  of  the  pancreas,  islands  of  Langerhans  and  liver.  The 
epilepsy  undoubtedly  refiected  the  congenital  maldevelopment  of  the  brain,  and  the 
diabetes  was  probably  associated  with  an  allied  defect  of  the  endocrine  system.  Her 
tendon  reflexes  were  hypoactive,  a  not  infrequent  finding  in  cases  of  uncontrolled 
diabetes.  The  exact  mechanism  of  such  hyporeflexia  has  not  been  definitely  deter' 
mined,  but  has  been  variously  ascribed  to  arteriosclerosis,  acidosis,  a  diabetic  ‘toxin,’ 
and  improper  utilization  of  vitamin  Bi.  None  of  her  attacks  could  be  ascribed  to 
ketosis  alone  for  she  had  periods  during  which  she  apprently  was  nonketotic  yet  had 
seizures.  Not  all  of  her  convulsions  could  be  definitely  accounted  for  by  hypogly' 
cemia.  She  experienced  insulin  shock  on  two  occasions  without  precipitation  of 
seizures,  but  she  did  have  9  attacks  which  may  have  been  insulin  reactions  during 
one  night  (August  13).  Her  seizures  did  not  occur  only  during  periods  of  hypergly' 
cemia.  There  were  days  when  she  was  hyperglycemic  and  had  no  attacks.  Neverthe' 
less,  there  appeared  to  be  a  tendency  to  have  a  greater  number  of  convulsions  when 
hyperglycemic.  It  is  emphasized,  however,  that  this  girl  had  been  a  frank  diabetic  of 
many  years  standing  and  had  a  high  blood  sugar  content  most  of  the  time.  It  is  im' 
possible  to  correlate  with  any  degree  of  certainty  her  metabolic  changes  with  her 
convulsions.  The  seizures  occurred  regardless  of  blood  sugar  content,  glycosuria, 
ketosis,  or  time  and  amount  of  insulin  administration. 

DISCUSSION 

These  two  cases  of  epilepsy,  complicated  by  uncontrollable  juvenile  diabetes 
mellitus,  exemplify  the  extreme  difficulties  and  hazards  the  physician  assumes  in 
undertaking  the  rational  treatment  of  such  individuals. 

In  the  first  case,  epilepsy  apparently  preceded  the  diabetes,  while  in  the  second 
diabetes  was  discovered  5  years  before  the  onset  of  convulsions.  It  was  impossible 
to  control  either  condition,  and  at  the  same  time  favorably  influence  the  other.  Ap' 
parently  each  of  the  diseases  was  a  separate  entity. 

The  treatment  of  epilepsy  by  dehydration  and  ketosis  is  considered  to  have  its 
best  results  in  children.  However,  in  our  patients  the  occurrence  of  ketosis  and  de' 
hydration  had  no  effect  upon  the  epileptic  manifestations.  Hypoglycemia  without 
convulsions  occurred  at  times  in  both,  leading  one  to  speculate  as  to  whether  the  role 
of  hypoglycemia  in  the  precipitation  of  epileptic  seizures  has  not  been  overempha' 
sized.  This  does  not  refer  to  established  cases  of  convulsions  associated  with  adeno' 
mata  of  the  pancreas. 
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SUMMARY 

Two  cases  of  uncontrollable  juvenile  diabetes  mellitus  with  epilepsy  are  pre- 
sented.  Each  condition  apparently  was  a  separate  entity.  Convulsions  occurred  re^ 
gardless  of  the  diabetic  status.  Neither  hypoglycemia  nor  ketosis  had  a  consistently 
significant  effect  upon  the  convulsive  manifestations.  The  complexity  of  attempting 
to  control  cither  or  both  of  the  entities  is  discussed.  Fortunately,  such  a  concurrence 
is  rare. 
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AN  UNUSUAL  CASE  OF  DEFICIENCY  DISEASE  IN  A 
PATIENT  WITH  DIABETES  MELLITUS'  ^ 

ABRAHAM  RUDY 

From  the  Department  of  Medicine,  Tufts  College  Medical  School 
and  the  Diabetic  Clinic,  Beth  Israel  Hospital 

BOSTON,  MASSACHUSETTS 

This  case  is  of  special  interest  because  of  the  diagnostic  and  therapeutic  prob' 
lems  it  presents.  The  patient,  an  unemployed  paper  hanger  and  painter,  age 
52,  when  first  seen  on  the  wards  of  the  Beth  Israel  Hospital  in  January  1936, 
gave  a  history  of  diabetes  mellitus  of  about  6  years  duration.  At  first  his  diabetes 
was  controlled  by  diet  alone.  Later  he  was  given  small  doses  of  insulin.  However,  he 
was  not  very  faithful  to  his  diet. 

About  one  year  prior  to  his  admission  he  developed  a  burning  pain  in  his  calves 
and  feet.  He  lost  his  appetite,  and  as  a  result  ate  only  crackers  for  a  while.  Two 
months  later  he  developed  leg  ulcers.  While  still  on  an  inadequate  diet  pain  developed 
in  his  arms,  shoulders,  chest,  abdomen  and  back.  The  pain  was  irregular  and  resembled 
a  toothache  in  character.  It  became  progressively  worse  and  more  frequent.  At  times 
he  felt  as  though  his  chest  was  tightened  in  a  ring.  There  was  a  marked  loss  of  weight, 
88  lb.  in  10  years.  There  was  weakness  of  the  legs,  numbness  and  paresthesias  of  the 
fingers  and  toes. 

His  past  history  was  essentially  unimportant  except  for  an  operation  on  a  mixed 
tumor  of  the  left  parotid  gland  some  18  years  ago  and  lead  poisoning  20  years  ago. 
Marital  history  showed  that  his  wife  had  had  5  miscarriages.  Venereal  infection  was 
denied.  His  greatest  weight  was  218  lb.  in  1926;  on  admission  his  weight  was  130  lb. 
Results  of  the  physical  examination  were  as  follows. 

The  right  pupil  was  smaller  than  the  left,  both  were  definitely  irregular.  The  left 
pupil  did  not  react  to  light  as  well  as  the  right.  Results  of  examination  of  heart  and  lungs  were 
negative.  The  liver  was  enlarged  4  fingers  breadth  below  the  right  costal  margin.  It  was  firm, 
irregular  and  was  not  tender.  Blood  pressure  was  150/90.  There  was  a  penile  scar.  Biceps 
and  triceps  reflexes  were  not  elicited.  Knee  and  ankle  jerks  were  absent.  A  number  of  salmon 
pink  scaly  macular  and  papular  lesions  varying  in  diameter  from  8  mm.  to  8  to  10  cm.  in 
diameter  with  slightly  symmetrical  distribution  were  evident  on  his  legs.  Over  the  soles  and 
heels  were  distributed  scaly  desquamations  with  slight  vesicular  formation.  The  feet  were 
swollen.  Sensations  of  touch,  heat,  cold  and  pain  were  slight  or  totally  absent  in  both  feet. 
The  vibratory  sense  was  greatly  diminished.  Dorsalis  pedis  was  palpable  on  both  feet. 

Serological  blood  test  results  were  negative.  The  red  blood  count  was  5,100,000;  hemo¬ 
globin,  90%.  Stools  were  normal.  The  patient  refused  a  lumbar  puncture  on  this  admission, 
and  was  therefore  discharged.  The  diagnosis  was  central  nervous  system  lues,  (?)  tertiary 
lues,  diabetes  mellitus.  Malignancy  and  hemochromatosis  were  considered  as  other 
possibilities. 

In  June  1936  he  came,  with  the  same  complaints,  to  the  Diabetic  Clinic  without 

‘  Aided  by  a  grant  from  the  Charlton  Research  Fund,  Tufts  College  Medical  School. 

*  Read  by  title  before  the  Scientihc  Session  of  the  ijrd  Annual  Meeting  of  the  As^iation  for  the 
Study  of  Internal  Secretions,  St.  Louis. 
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Stating  that  he  was  seen  on  the  wards  before.  This  time  the  hypesthesia  and  numb¬ 
ness  in  his  feet  were  so  marked  that  it  caused  a  definite  impairment  in  his  ability  to 
move  his  toes  and  considerable  difficulty  in  walking,  so  that  he  had  to  resort  to 
crutches. 

In  the  clinic  a  provisional  diagnosis  of  diabetic  neuritis  and  a  vitamin  deficiency 
was  made.  He  was  put  on  diet  of  C  140,  P  100,  F  100  with  insulin  and  vitamin  con- 


Fig.  1 .  Note  the  deep  scars  resulting  from  the  blisters  prior  to  the  intensiv^  vitamin  treatment . 
Fig.  2,  2a.  The  blisters  on  the  hand  and  toe.  Fig.  j,  ja.  Two  broken  large  blisters  and  healing  without 
a  scar.  There  is  still  pigmentation  present.  Note  that  the  old  lower  scars  are  gradually  disappearing. 


centrates,  such  as  yeast  tablets  and  haliver  oil  capsules.  The  diet  was  gradually  raised 
to  C  200,  P  100,  F  100.  He  required  a  small  dose  of  insulin  once  daily. 

The  improvement  in  the  neuritic  pains  was  so  dramatic  that  in  one  week  he  re¬ 
turned  to  the  clinic  without  crutches.  In  less  than  a  month  the  ulcerations  on  his 
legs  were  healed.  He  was  taking  the  yeast  tablets  irregularly,  although  he  attended 
the  clinic  as  often  as  he  was  advised.  The  omission  of  the  yeast  for  one  week  was  suf¬ 
ficient  to  bring  about  a  return  of  symptoms.  Loss  of  appetite  accompanied  the  return 
of  pain.  During  that  period  meat  was  especially  distasteful  to  him  but  with  improve¬ 
ment  of  his  appetite  the  dislike  disappeared. 

In  August  1936  he  woke  up  one  night  with  a  severe  pain  in  his  left  foot.  A  few 
hours  later  he  discovered  a  blister  about  2  inches  in  diameter  on  the  foot.  He  opened 
it  himself,  removed  the  skin  and  applied  a  dressing  with  St37.  From  that  time  on  it 
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was  definitely  established  that  the  ulcerations  on  his  legs  were  preceded  by  blisters 
or  blebs.  It  was  noticed  that  the  ulcerations  healed  more  quickly  when  he  was  taking 
the  yeast. 

In  September  1936  he  developed  his  first  attack  of  diarrhea  which  lasted  for  a 
few  days.  From  September  to  December  1936  his  neuritic  pains  disappeared  almost 
completely.  His  feet,  which  were  edematous  at  first,  so  that  he  required  a  size  12 
shoe,  returned  to  almost  normal  size  and  he  was  able  to  wear  his  regular  size  8  shoe 
again. 

In  December  1936  he  developed  a  very  severe  diarrhea.  He  omitted  the  yeast 
tablets  and  ate  only  milk  and  rice.  A  few  days  later  two  large  blisters  developed  on 
the  left  leg.  He  was  admitted  to  the  wards  where  he  remained  for  about  two  weeks. 


Fig.  4,  4a.  Two  X'Tay  films  of  the  stomach.  The  first  (Dec.  19J7)  shows  the  mottled  appearance 
of  the  mucosa  pattern,  while  the  second  (Feb.  19J9)  shows  the  reappearance  of  the  rugae. 


The  stools  contained  no  mucus,  gross  blood,  ocult  blood,  ova  or  parasites.  Agglutina¬ 
tions  for  typhoid,  paratyphoid  A  and  B  and  dysentery  were  negative.  Serological 
blood  and  spinal  Wassermann  test  results  were  negative.  A  gastric  analysis  gave  the 
following  results. 

Free  HCl  Combined  acid 
Fasting  34  22 

20  min.  after  alcohol  17  19 

40  min.  after  alcohol  14  15 

The  spinal  fluid  showed  total  protein,  68  mg.  and  gold  sol,  5555555433.  Skin  biopsy 
from  one  of  the  ulcers  showed  chronic  inflammation.  The  B.M.R.  was  +2%.  The 
capillary  fragility  test  result  was  strongly  positive  on  some  occasions  and  less  so  on 
other.  The  blood  ascorbic  acid  was  1.3  mg.  per  100  cc.  of  blood.  On  a  high  caloric, 
high  vitamin  diet  with  insulin,  yeast  tablets  and  haliver  oil  capsules  his  diarrhea 
cleared  up,  and  the  ulcers  from  the  blisters  healed. 

Following  his  discharge,  however,  the  diarrhea  returned  in  a  very  severe  form. 
His  appetite  was  poor,  he  ate  little  and  very  irregularly,  and  stopped  taking  the  yeast. 
This  continued  for  about  10  weeks.  During  that  time  his  legs  were  again  swollen 
and  developed  blisters.  Usually  a  severe  burning  sensation  on  legs  or  arms  was  first 
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experienced.  In  a  few  hours  the  leg  or  arm  would  be  covered  with  blisters  of  various 
sizes  as  if  scalded  with  hot  water. 

In  March  1937  he  was  readmitted  to  tl'e  wards.  Repeated  stool  examinations 
showed  nothing  abnormal.  A  barium  enema  showed  a  redundant  and  markedly 
spastic  sigmoid,  somewhat  fuzzy  in  outline.  Serological  blood  and  spinal  fluid  Wasser^ 
mann  test  results  were  again  negative.  The  spinal  fluid  tot?  1  protein  was  48  mg.  and 
the  gold  sol  was  normal.  A  gastric  analysis  gave  the  following  results. 

Free  HCl  Combined  acid 


Fasting  o  10 

20  min.  after  alcohol  12  6 

40  min.  after  alcohol  17  3 

60  min.  after  alcohol  17  4 


On  April  5, 1937  the  roentgen  impression  of  the  G.I.  series  was  infiltrative  lesion  in 
the  stomach.  On  April  14,  a  gastroscopic  examination  was  made.  The  normal  pattern 
of  the  mucosa  was  found  to  be  obliterated;  there  were  no  rugae.  The  diffuse  involve^ 
ment  and  the  extent  of  the  lesion  suggested  the  possibility  of  a  lymphosarcoma,  ah 
though  carcinoma  was  considered  very  likely.  On  April  15,  a  repeated  G.I.  series 
showed  thickening  of  the  rugae  and  slight  mottling  in  the  cardia  and  upper  media. 
The  possibility  of  polyposis  in  that  region  was  raised. 

A  surgical  consultant  advised  a  total  gastrectomy.  Surgical  intervention,  how' 
ever,  was  postponed.  Before  his  discharge  it  was  found  that  kaolin  helped  to  check 
his  diarrhea  a  great  deal. 

From  May  to  October  1937  he  had  diarrhea  only  for  a  short  time.  He  was  advised 
to  stop  the  yeast  tablets  and  was  started  on  more  concentrated  forms  of  vitamin  Bi 
and  B  complex.  During  this  time  he  was  free  of  blisters. 

In  October  1937,  following  an  upper  respiratory  infection,  he  developed  a  severe 
attack  of  blisters. 

On  December  29,  1937  the  G.I.  series  were  repeated.  The  roentgen  conclusions 
were  as  follows.  The  findings  were  consistent  with  a  lesion  causing  hyperplasia  of 
the  mucosal  folds  with  polypoid  changes  which  could  have  been  due  to  a)  malignancy, 
b)  simple  hyperplastic  polyposis. 

In  April  1938  he  had  another  severe  attack  of  blisters.  On  November  22,  he  de^ 
veloped  a  blocked  nose  and  dry  cough  and  he  felt  feverish.  In  the  morning  there  was 
a  blister  the  size  of  a  grapefruit  on  his  leg.  On  another  occasion  he  developed  severe 
pain  in  the  arms,  followed  by  large  blisters,  one  on  the  elbow. 

Attempts  were  made  to  give  the  patient  intensive  vitamin  B  complex  treatment. 
However,  the  patient  was  on  welfare  relief  and  it  was  difficult  to  supply  him  with 
adequate  amounts  of  vitamins.  It  was  necessary  to  change  from  one  type  to  another 
and  he  received  Valentine  beef  juice  extract,  betalin'S,  betalin  compound,  vitamin 
Bi,  I  mg.,  vitamin  Bi,  10  mg.  (parenterally),  Harris  yeast  tablets,  yeast  blocks,  ribo' 
flavin  and  nicotinic  acid.®  The  patient  seemed  to  do  best  while  receiving  vitamin  Bi 
parenterally. 

He  has  learned  to  take  care  of  the  blisters.  Since  he  started  on  intensive  vitamin 
treatment  the  blisters  have  healed  in  a  short  time  without  leaving  scars.  How  much 
the  quicker  healing  has  been  due  to  general  care,  to  the  vitamin  administration  or  to 
better  attention  to  the  blisters  themselves  it  is  difficult  to  say. 

On  February  4,  1939  he  developed  an  infection  at  the  site  of  a  dried  up  blister 

•  The  various  vitamin  concentrates  were  kindly  supplied  by  Eli  Lilly  &'  Co.,  E.  R.  Squibb  d  Sons, 
The  Harris  Laboratories,  and  later  by  Merck  d  Co.  and  HofFmann-LaRoche. 
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on  the  second  left  toe.  The  foot  swelled  and  became  inflamed.  Two  days  later  he 
noticed  a  bleb  which  developed  on  the  top  of  the  foot  and  broke.  Because  of  cellulitis 
he  was  admitted  on  the  surgical  wards. 

Intensive  oral  and  parenteral  vitamin  treatment  was  started  from  the  day  he  was 
admitted  to  the  wards.  It  consisted  of  20  mg.  of  vitamin  Bi  parenterally,  400  mg.  of 
nicotinic  acid  and  20  yeast  tablets  daily.  His  appetite,  which  was  very  poor  on  admis' 
sion,  improved  in  24  hours.  The  cellulitis  showed  very  rapid  improvements  after  it 
was  incised.  He  was  discharged  in  two  weeks. 

On  February  23,  1939  the  G.I.  series  were  repeated.  The  rugae  were  well  de- 
fined.  The  X'ray  findings  showed  a  distinct  improvement  as  compared  to  the  previous 
ones.  Up  to  the  present  (May  1939),  by  special  arrangement,  he  continues  to  get  10 
mg.  of  vitamin  Bi  parenterally  and  1 5  to  20  yeast  tablets  as  well  as  300  to  400  mg.  of 
nicotinic  acid  daily.  The  cellulitis  has  cleared  up  completely  and  the  wound  healed 
without  any  noticeable  scar  except  for  marked  pigmentation  which  also  gradually 
faded.  There  has  been  no  diarrhea  in  spite  of  the  high  dosage  of  yeast.  He  is  taking 
almost  half  the  amount  of  insulin  he  previously  took  and  so  far  has  not  developed 
any  more  blisters. 

DISCUSSION 

All  the  evidence  definitely  eliminates  central  nervous  system  lues  as  the  cause  of 
this  patient’s  neurological  manifestations  and  other  forms  of  lues  as  the  cause  of  his 
skin  pathology.  There  is  also  very  little  to  indicate  malignancy.  The  neurological 
picture  is  that  of  diabetic  neuropathy,  while  the  skin  condition  is  not  unlike  pellagra. 
It  is  interesting  that  the  neuritis  improved  rapidly  with  vitamin  B  treatment  orally, 
and  that  the  improvement  lasted  in  spite  of  the  interruptions  in  its  administration. 

The  most  unusual  condition  in  this  case  is  the  formation  of  vesicles  and  bullae. 
It  occurred  during  the  severe  attacks  of  diarrhea  as  well  as  in  its  absence.  It  continued 
to  appear  in  the  same  severity  long  after  the  neurological  symptoms  completely  sub' 
sided.  On  at  least  three  occasions  it  seemed  to  have  been  precipitated  by  an  upper 
respiratory  infection.  It  is  interesting  that  the  edema  of  the  legs,  the  dermatitis  and 
the  texture  of  the  skin  improved  greatly  as  soon  as  vitamin  B  treatment  was  insti' 
tuted.  Nothing,  however,  definitely  influenced  the  blistering  of  the  skin. 

Although  we  never  had  the  opportunity  to  continue  parenteral  vitamin  Bi  treat' 
ment  supported  by  oral  vitamin  B  complex  preparations  for  a  long  enough  period  to 
be  able  to  state  that  a  definite  prolonged  improvement  occurred  the  evidence  seems 
to  be  in  favor  of  this  treatment.  Intensive  oral  vitamin  B  complex  treatment  for  weeks 
in  the  form  of  yeast  tablets,  yeast  blocks,  as  well  as  nicotinic  acid  (300  to  400  mg.  a 
day),  and  riboflavin  failed  to  prevent  the  blister  formation. 

The  relation  of  the  gastrointestinal  pathology  to  the  deficiency  state  is  difficult  to 
determine.  There  seemed  to  be  no  definite  malignant  degeneration.  Whether  the 
diarrhea  and  the  pathology  in  the  gastrointestinal  tract  were  brought  about  by  the 
deficiency  state  or  vice  versa  is  open  to  discussion.  It  is  our  belief  that  the  diarrhea 
and  the  changes  in  the  stomach  mucosa  are  a  part  of  the  deficiency  state  and  that  the 
improvement  in  the  diarrhea  and  in  the  X'ray  findings  of  the  stomach  came  about 
through  the  vitamin  treatment.  We  apparently  dealt  with  a  multiple  deficiency,  for 
the  relief  of  which  all  the  components  of  the  vitamin  B  complex  were  necessary.  It  is 
also  possible  that  because  of  impaired  intestinal  absorption  only  parenteral  vitamin 
B  will  be  effective  in  this  case.  It  is  interesting  that  this  patient  did  not  develop  any 
anemia.  It  goes  hand  in  hand,  however,  with  the  fact  that  there  was  no  achlorhydria. 

Deficiency  states  are  a  common  occurrence  in  diabetes  mellitus  but;  are  not  often 
recognized  as  such.  Neurological  manifestations  brought  about  by  changes  in  any 
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part  of  the  nervous  system  can  be  the  result  of  a  vitamin  B  deficiency,  especially  Bj. 
Whether  the  deficiency  is  caused  by  an  inadequate  intake  of  vitamins  or  by  other 
means,  such  as  a  disturbance  in  the  absorption,  assimilation  or  storage  of  the  vita¬ 
mins,  depends  on  the  individual  case.  Diarrhea  is  frequent  in  diabetes  and  may  be 
due  to  a  vitamin  deficiency.  Skin  manifestations  of  the  pellagrous  type,  as  it  will  be 
reported  elsewhere,  are  not  infrequently  observed  in  diabetic  patients,  especially 
when  they  are  markedly  debilitated.  Blister  formation  however  is  rare,  although  it 
has  been  observed  in  a  mild  form  in  a  few  of  our  diabetic  patients  either  in  conjunc¬ 
tion  with  the  neurological  manifestations  or  in  the  presence  of  other  complications, 
such  as  peripheral  sclerosis,  infections,  or  diarrhea,  and  it  was  then  blamed  on  the 
complication.  It  is  most  likely  a  deficiency  condition,  not  unlike  pellagra,  although 
nicotinic  acid  does  not  cure  it. 

It  is  interesting  that  in  an  extensive  review  of  the  literature  on  diabetic  neurop¬ 
athy  and  a  study  of  229  diabetic  patients  with  neurological  manifestations  in  Joslin’s 
Clinic,  Jordan  (i)  did  not  mention  any  cases  with  skin  manifestations  similar  to  those 
observed  in  the  case  reported  here. 

On  the  other  hand  Spies  and  Cooper  (2)  in  their  description  of  pellagra,  mentioned 
the  fact  that  in  some  cases  vesicles  and  bullae  formed  and  subsequently  ruptured. 
There  was  no  case  described,  however,  with  blisters  and  response  to  treatment. 

The  photographs  show  the  blisters,  the  deep  scars  developed  prior  to  the  inten¬ 
sive  vitamin  treatment,  the  absence  of  new  scars  and  the  improvement  in  the  old 
scars  following  the  vitamin  treatment.  The  two  x-ray  films  show  the  marked  improve¬ 
ment  in  the  gastric  mucosa  in  1939  as  compared  to  1937. 

SUMMARY 

A  case  of  deficiency  disease  in  diabetes  mellitus,  not  unlike  pellagra,  with  neuro¬ 
logical,  skin  and  gastrointestinal  manifestations  simulating  central  nervous  system 
lues  and  gastrointestinal  malignancy,  and  its  treatment  is  discussed. 

REFERENCES 

1.  Jordan,  W.  R.:  Arch.  Int.  Med.  57:  307.  1936. 

2.  Spies,  T.  D.,  and  C.  Cooper:  Internet.  Clin.  vol.  4. 


EFFECT  OF  CUTTING  THE  PITUITARY  STALK  ON 
PHYSIOLOGICAL  TEMPERATURE  REGULATION' 

ALLAN  HEMINGWAY,  THEODORE  RASMUSSEN,  A.  T. 
RASMUSSEN  and  HOWARD  WIKOFF 
From  the  Departments  of  Physiological  Chemistry  and  Anatomy  of  the  University 
of  Minnesota,  The  Medical  School,  and  the  Department  of 
T^eurology,  The  Mayo  Foundation 

MINNEAPOLIS  AND  ROCHESTER,  MINNESOTA 

The  close  anatomical  association  of  the  hypophysis  with  the  hypothalamus  has 
led  to  a  considerable  amount  of  investigation  on  the  role  of  the  pituitary  stalk 
on  the  interrelationships  of  these  organs.  The  most  significant  of  these  in- 
vestigations  have  been  those  of  Fisher,  Ingram  and  Ranson  (i)  on  the  part  played  by 
the  supraoptic  nuclei  and  their  nerve  tracts  to  the  neural  lobe  on  water  metabolism. 
That  other  functions  of  the  stalk  do  exist  has  been  long  suspected  and  one  of  the 
foremost  possibilities  is  a  role  in  temperature  regulation.  Both  the  hypothalamus  and 
the  hypophysis  contribute  to  temperature  regulation,  the  hypothalamus  controlling 
“physical  temperature  regulation”  such  as  vasoconstriction,  vasodilation,  panting  or 
sweating,  while  the  hypophysis  through  the  thyroid  controls  “chemical  temperature 
regulation.”  Recently  Uotila  (2)  found  that  cutting  the  pituitary  stalk  abolished  the 
thyroid  hypertrophy  normally  produced  by  cold  and  thus  found  evidence  of  a  role  of 
the  pituitary  stalk  in  chemical  heat  regulation.  Our  investigations  have  been  con' 
cerned  with  the  effect  of  cutting  the  stalk  on  physical  temperature  regulation,  for 
which  we  have  recently  devised  quantitative  tests  (3).  The  general  effect  on  endo' 
crine  functions  of  cutting  the  pituitary  stalk  has  been  adequately  reviewed  by 
Uotila  (2)  and  need  not  be  repeated. 

The  investigations  reported  here  consist  of  a  series  of  tests  made  on  dogs  both 
normal  and  with  divided  pituitary  stalks.  The  tests  made  were  for  (a)  vasoconstric' 
tion,  (b)  vasodilation,  (c)  shivering  and  (d)  panting.  The  experiments  were  performed 
in  an  air  conditioned  room  in  which  the  environment  was  carefully  controlled  and 
stimuli  and  responses  were  quantitatively  measured  as  described  previously  (3). 

EXPERIMENTAL 

Three  dogs  were  carefully  chosen  for  their  ability  to  cooperate  in  temperature  regulatory 
experiments.  After  preliminary  measurements  they  were  operated  upon  by  removal  of  a 
bone  flap  from  the  temporal  region  of  the  skull,  the  base  of  the  brain  was  exposed,  and  the 
pituitary  stalk  was  cut  with  scissors.  The  day  after  the  operation  they  were  able  to  eat  and 
drink,  and  showed  no  abnormalities  of  posture  or  gait.  Water  intake,  urinary  output,  body 
temperature  and  weight  were  measured  daily  for  2  weeks  before  the  operation  and  during 
the  next  5  months.  About  6  months  after  the  operation  temperature  regulatory  tests  were 
made.  After  these  tests  the  animals  were  killed,  the  head  perfused  with  formalin  or  80% 
alcohol  containing  5%  formalin  and  5%  glacial  acetic  acid,  and  the  brain  removed. 

Detailed  histological  studies  were  made  on  the  base  of  the  brain.  The  hypothalamic 

*  With  the  technical  assistance  of  George  Cordes  and  Onni  Overhouse,  furnished  by  the  Works 
Project  Administration  Official  Project  Number  66y'7i'3'69,  Sub-Project  Number  205. 
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region  with  the  attached  hypophysis  was  sectioned  at  lo  n.  Three  series  consisting  of  every 
tenth  section  were  stained  in  the  following  way;  (a)  hematoxylin  and  eosin  (general  stain), 
(b)  cresyl  violet  (Nissl  stain)  and  (c)  Bodian’s  (4)  activated  protargol  silver  stain  (for  nerve 
fibers).  Cells  of  the  supraoptic  and  paraventricular  nuclei  were  counted  and  checked  by 
two  different  individuals. 

In  making  the  temperature  regulatory  tests  two  types  of  experiments  were  performed, 
one  type  of  vasomotor  and  shivering  and  the  other  for  panting.  For  the  vasomotor  shivering 
test  the  unanesthetized  animal  was  trained  to  lie  quietly  on  a  shivering  recorder  platform  in 
a  cool  but  not  uncomfortable  environment  of  air  temperature  22.0  ±0.5°,  relative  humidity 
of  50  ±5%  and  air  velocity  25  to  40  feet  per  minute.  Skin  and  rectal  temperatures  were 
measured  by  thermocouples  at  j'minute  intervals  during  the  experimental  period,  which 
lasted  about  5  hours.  As  soon  as  resting  commenced  the  temperatures  would  fall,  the  ear 
temperature  after  a  few  minutes  dropping  rapidly  as  vasoconstriction  occurred.  As  judged 
by  the  steepness  of  the  slope  of  the  time-temperature  curve  vasoconstriction  was  most 
active  when  the  falling  ear  temperature  passed  through  30°C.  Shivering  commenced  shortly 
after  vasoconstriction  and  the  additional  heat  production  prevented  a  further  drop  in  body 
temperature.  After  the  steady  state  had  continued  for  30  minutes  the  dog  was  heated  by 
diathermy  from  one  electrode  beneath  the  resting  dog  and  one  electrode  strapped  to  the 
upper  flank  of  the  hind  leg.  The  diathermy  heating  rate  was  adjusted  to  equal  the  B.M.R. 
After  I  to  10  minutes  of  diathermy  shivering  stopped  to  be  followed  after  3  to  60  minutes 
with  peripheral  vasodilation  as  indicated  by  a  sharp  rise  in  ear  temperature.  Shivering 
and  body  temperatures  were  plotted  against  time,  as  shown  in  figure  1,  one  graph  similar 
to  figure  I  being  made  for  each  experiment.  From  these  graphs  the  data  of  table  i  were 
obtained. 

In  the  panting  test  the  dogs  were  placed  on  a  table  in  an  air  conditioned  room 
at  26.0+0.5°,  humidity  50  +  5%  and  air  velocity  25  to  40  feet  per  minute.  They  were 
allowed  to  rest  90  minutes  (or  longer  if  required)  until  the  body  temperatures  had  become 
constant.  They  were  then  heated  by  diathermy  at  a  rate  equal  to  the  B.M.R.  and  the 
heating  continued  until  panting  commenced.  Skin  and  rectal  temperatures  and  respiratory 
rate  were  measured  throughout  the  experiment  and  later  plotted  on  a  graph.  The  onset 
of  panting  is  characterized  by  a  sudden  rise  of  respiratory  rate  and  can  be  immediately 
recognized  on  a  respiratory  rate-time  graph. 

RESULTS 

Diabetes  insipidus.  Dogs  E  and  F  developed  a  characteristic  severe  diabetes  in¬ 
sipidus,  showing  a  transient  phase  immediately  after  the  operation  followed  by  the 
permanent  phase  which  commenced  10  to  14  days  postoperatively.  Two  months 
after  the  operation  both  E  and  F  had  a  water  intake  which  was  3  times  the  preopera- 
tive  value.  Dog  G  developed  a  severe  transient  diabetes  insipidus  and  a  mild  perma¬ 
nent  diabetes  insipidus  of  15  to  40%  excess  water  intake.  The  diabetes  insipidus  as 
it  occurred  in  these  dogs  was  typical,  hence  reproduction  of  the  water  intake-urinary 
output  graphs  of  the  4-month  period  is  omitted  from  this  paper. 

Anatomical  data.  Dog  E,  weighing  35  lb.  was  killed  222  days  after  cutting  the 
pituitary  stalk.  This  dog  and  the  other  two  of  the  series  were  active  and  healthy  as 
judged  by  appearance,  posture,  activity  and  appetite  (except  for  the  diabetes  insipidus). 
The  hypophysis  was  smaller  than  normal.  The  cells  of  the  anterior  lobe  and  pars 
intermedia  were  normal  but  those  in  the  anterior  lobe  were  reduced  in  number.  A 
small  percentage  of  nerve  fibers  of  the  stalk  remained  uncut  but  the  neural  lobe  had 
atrophied  and  was  hypercellular.  A  slight  superficial  damage  to  the  tuber  cinereum 
on  the  left  side  destroyed  a  small  portion  of  the  posterior  part  of  the  supraoptic 
nucleus.  In  the  right  supraoptic  nucleus  there  were  4600  cells  and  in  the  left  2600 
cells  remaining.  The  normal  number  is  estimated  to  be  38,000  in  each  nucleus. 

Dog  F  weighed  27  lb.  and  lived  225  days  between  the  date  of  operation  and  death. 
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The  Stalk  had  been  completely  severed,  no  nerve  fibers  were  to  be  found  in  the  pos' 
terior  lobe  and  the  whole  hypophysis  was  reduced  in  size.  A  small  infarct  had  oc' 
curred  in  the  left  tuber  cinereum  ventral  to  the  paraventricular  nucleus.  The  right 
supraoptic  nucleus  contained  5300  cells  and  the  left  3100.  The  right  paraventricular 
nucleus  was  normal  but  the  left  less  conspicuous.  „ 

Dog  G,  weight  ao  lb.,  had  a  relatively  low  cutting  of  the  stalk  but  the  transection 
was  complete.  The  hypophysis  was  reduced  in  size  and  the  infundibular  process  had 


Fig.  I.  Temperature  and  shivering  intensity  are  plotted  against  time.  The  dog  was  resting 
in  a  cool  controlled  environment.  Shivering  and  vasomotor  responses  are  normal  but  all  threshold  tern* 
peratures  are  elevated  0.5“  to  2.0°. 


a  few  small  cysts,  a  not  unusual  finding  in  such  cases.  Except  for  a  few  nerve  fibers 
around  the  arteries,  the  fibers  had  disappeared  from  the  neural  lobe  and  the  anterior 
lobe  was  histologically  normal.  The  right  supraoptic  nucleus  contained  4100  cells 
and  the  left  3800  cells.  The  mildness  of  the  diabetes  mellitus  of  this  dog  can  be  at' 
tributed  to  the  relatively  low  transection  resulting  in  suflBcient  neural  lobe  cells  of 
the  stalk  above  the  site  of  transection  remaining  intact  because  of  fiber  connections 
to  the  cells  of  the  supraoptic  nucleus. 

These  results  indicate  that  cutting  the  pituitary  stalk  results  in  a  loss  of  about 
90%  of  the  cells  of  the  supraoptic  nucleus.  If  less  than  10%  remain,  diabetes  mellitus 
develops  as  occurred  in  dogs  E  and  F.  If  more  remain  the  diabetes  insipidus  is  signifi' 
cantly  reduced.  These  results  are  in  agreement  with  those  of  Magoun  and  Ranson  (6) 
and  Magoun,  Fisher  and  Ranson  (7).  Complete  histological  data  will  be  published 
elsewhere  (8). 

Temperature  regulation  tests.  In  figure  i  is  shown  the  response  of  dog  F  to  resting 
followed  by  diathermy  heating  in  a  cool  environment.  The  pertinent  data  from  the 
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entire  set  of  graphs  and  for  normal  controls  are  collected  in  table  i.  The  description 
of  the  data  from  the  entire  set  of  graphs  and  for  normal  controls  are  collected  in 
table  I.  The  description  of  the  data  of  table  1  follows. 


Table  i 


Controls 

Experimental  dogs 

Ave. 

Max. 

Min. 

£(35  lb.)  1 

F(27  lb.) 

S  (20  lb.) 

I 

2 

1 

■■ 

mi 

A. 

Shiner  ing 

Min.  Rectal  T. 

J7-9 

38.7 

36.3 

39-0 

39-0 

38.3 

38.3 

39-4 

B. 

Min.  Th.  T. 

J4-5 

35.8 

33-1 

33-1 

34-5 

34-5 

35-4 

Brq 

35-5 

C. 

Rectal  T.  (start) 

j8.o 

38.8 

36.2 

39-1 

39-4 

38.8 

38.8 

39-7 

D. 

Th.  T.  (start) 

34-6 

35.9 

33.i 

33.6 

35-2 

35-0 

36.5 

36.1 

36.1 

E. 

Resting  time 

69 

115 

35 

70 

45 

40 

10 

20 

20 

F. 

Rectal  T.  (stop) 

38.4 

390 

36.8 

39-3 

39-6 

390 

39-6 

39-6 

39-6 

G. 

Th.  T.  (stop) 

34-9 

37-0 

33-6 

33-5 

35-1 

34-9 

36.8 

36.3 

35-6 

H. 

Diathermy  Time 

5 

13 

1 

3 

I 

3 

10 

4 

12 

I. 

Vasoconstriction 

VC  Rectal  T. 

38.3 

39-4 

37-1 

39-3 

39-7 

J8.8 

39-8 

39-3 

39-7 

1 

VC  Th.  T. 

34-8 

36.2 

33-4 

35-1 

35-3 

34-8 

36.5 

36.1 

36.1 

K. 

VC  Time 

13 

26 

5 

10 

20 

20 

22 

30 

15 

L. 

Vasodilation 

VD  Rectal  T. 

39-0 

40.  I 

37-7 

39-8 

40.0 

38.9 

40.0 

39-6 

40.0 

M. 

VD  Th.  T. 

35-1 

38.1 

33-7 

33-2 

35-7 

34-8 

37-0 

36.3 

36.1 

N-  Diathermy  Time 

43 

103 

3 

180 

230 

13 

42 

3 

30 

0. 

VD  Time 

3 

7 

1 

80 

48 

5 

5 

7 

7 

P. 

Panting 

Rectal  T.  (start) 

39- 1 

39-9 

38.1 

39-8 

39-9 

40.8 

39-4 

40.0 

39-9 

Th.  T.  (start) 

34-7 

35-5 

33-1 

35-5 

35-7 

37-0 

36.4 

36.9 

37-4 

R. 

Panting  R.R. 

210 

240 

170 

240 

262 

311 

298 

318 

240 

S. 

Diathermy  Time 

56 

113 

37 

20 

60 

71 

25 

35 

A.  Minimal  rectal  temperature.  In  row  A  of  table  i  are  given  the  steady  state 
minimal  shivering  temperatures.  As  a  result  of  cooling  the  rectal  temperature  dropped 
to  this  minimum  and  remained  there.  The  average  of  the  normal  controls  was  37.9°C. 
while  the  experimental  dogs  reached  a  steady  state  temperature  of  38.9°. 

B.  Minimum  thoracic  temperature.  The  thoracic  temperature  is  a  representative 
trunk  skin  temperature  and  is  probably  quite  important  in  reflex  temperature  control. 
The  average  minimal  steady  state  thoracic  skin  temperature  which  was  maintained 
during  shivering  was  34.8  for  the  operated  dogs  and  34.5  for  the  normal  controls. 

C.  Rectal  temperature  at  start  of  shivering.  The  rectal  threshold  temperature 
for  the  experimental  dogs  averaged  39.2°  while  the  normal  control  values  were  38.0°. 

D.  Thoracic  temperature  at  start  of  shivering.  This  skin  threshold  temperature 
for  shivering  was  35.4°  while  the  normal  control  value  was  34.6°. 

E.  The  resting  time  before  shivering  started.  This  is  the  time  interval  in  minutes 
between  placing  the  dog  on  the  table  and  the  onset  of  shivering.  It  is  variable  because 
it  depends  on  the  previous  state  of  activity  of  the  dog,  which  under  identical  condi' 
tions  varies  from  one  animal  to  another.  Nevertheless,  a  long  resting  time  with  de' 
layed  shivering  would  indicate  impaired  temperature  regulation  and  this  does  occur 
as  a  result  of  anesthesia.  In  the  case  of  the  dogs  with  divided  pituitary  stalks  this 
resting  time  was  shortened.  As  judged  by  this  criterion  the  dogs  were  more  sensitive 
to  cold. 
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F.  Rectal  temperature  at  which  shivering  stopped.  The  average  of  the  normal  con- 
trols  was  38.4  and  for  the  experimental  dogs  39.4°. 

G.  Thoracic  temperature  at  which  shivering  stopped.  The  normal  control  values 
averaged  34.9  while  the  operated  dogs  averaged  35.4°. 

H.  The  diathermy  heating  time.  This  time  interval  between  the  onset  of  diathermy 
and  the  cessation  of  shivering  was  the  same  for  both  normal  control  and  operated 
animals,  namely  5  minutes. 

I.  Vasoconstriction  rectal  temperature.  Vasoconstriction  was  most  active  when 
the  falling  ear  temperature  passed  through  30°C.  The  rectal  temperature  at  which 
this  occurred  is  designated  as  the  “vasoconstriction  rectal  temperature."  For  normal 
dogs  the  average  was  38.3°C.  and  for  the  operated  dogs  39.6°C. 

J.  Vasoconstriction  thoracic  temperature.  This  temperature  is  defined  in  the  same 
manner  as  the  vasoconstriction  rectal  temperature.  The  thoracic  temperature  for 
vasoconstriction  for  normal  dogs  averaged  34.8  and  for  the  experimental  dogs  was 
35.7°C. 

K.  The  vasoconstriction  time.  Vasoconstriction  is  characterised  by  a  rapid  drop 
in  ear  temperature  with  the  fastest  fall  occurring  between  28  and  34°C.  The  rate  of 
fall  of  temperature  in  the  temperature  range  28  to  34°  is  a  measure  of  the  rate  of  vaso' 
constriction.  Vasoconstriction  is  always  slower  than  vasodilation.  The  vasoconstric' 
tion  time  is  the  time  in  minutes  during  which  the  ear  temperature  falls  from  34  to  28°. 
For  normal  dogs  this  time  averaged  13  minutes  and  for  the  operated  dogs  20  minutes. 

L.  Vasodilation  rectal  temperature.  When  the  diathermy  current  was  turned  on 
all  temperatures  commenced  to  rise  with  the  thoracic  and  rectal  temperatures  rising 
progressively  but  slowly.  The  ear  temperatures  would  fluctuate  but  remain  low  and 
then  show  a  sudden  increase.  In  some  cases  the  ear  temperature  would  show  “surges,” 
i.e.,  sudden  rise  to  28  to  32°  followeS  by  a  sudden  fall.  After  several  minutes  another 
surge  would  occur  and  the  ear  temperature  would  suddenly  rise  to  a  high  value, 
which  was  maintained.  This  surging  was  much  more  characteristic  of  the  operated 
than  the  control  dogs.  The  rectal  and  thoracic  skin  temperatures  when  the  rising  ear 
temperature  passed  through  30°  are  designated  as  the  vasodilation  temperatures. 
Normally  the  average  was  39.0°  but  for  the  operated  dogs  the  value  was  39.9°C. 

M.  The  thoracic  vasodilation  temperature.  For  normal  dogs  this  was  35.1°  and  for 
the  experimental  dogs  35.5°C. 

N-  The  diathermy  vasodilation  time.  This  is  the  time  interval  between  the  start 
of  the  diathermy  current  and  active  vasodilation  as  indicated  by  the  passage  of  the 
rising  ear  temperature  through  30°.  For  normal  dogs  this  value  averaged  43  minutes 
but  was  variable.  Two  of  the  3  experimental  dogs  had  values  which  were  normal  but 
one  (dog  E)  required  180  and  230  minutes  of  diathermy  to  produce  vasodilation.  Dur¬ 
ing  this  time  there  were  several  surges  of  vasodilation  but  a  quick  return  to  the  con¬ 
stricted  state  followed. 

O.  The  vasodilation  time.  This  is  the  time  interval  in  which  the  temperature  rises 
from  28  to  34°C.  Normally  this  time  is  very  short  (average  13  minutes)  since  vaso¬ 
dilation  is  rapid.  For  two  dogs  the  vasodilation  time  was  prolonged  slightly  to  5  and 
7  minutes  while  with  dog  E  vasodilation  was  slow.  With  this  last  dog  the  ear  tempera¬ 
ture,  during  the  early  part  of  the  surges  and  when  permanent  vasodilation  occurred, 
rose  slowly  to  30°  and  then  suddenly  to  33°  to  35°. 

P.  The  rectal  panting  threshold  temperature.  The  rectal  temperature  at  which 
panting  started  with  the  experimental  procedure  described  above  for  normal  animals 
averaged  39.1°.  The  maximum  panting  threshold  temperature  for  a  series  of  18  experi¬ 
ments  on  5  normal  dogs  was  39.9°.  The  other  17  threshold  values  wei;e  below  39.5°. 
Hence  any  threshold  value  exceeding  39.5°  can  be  considered  abnormal  if  consistent. 
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The  threshold  values  for  the  experimental  dogs  were  dehnitely  higher  than  normal  to 
the  extent  of  1.0°  for  the  average. 

The  thoracic  sl{in  temperatures.  The  temperatures  at  which  shivering  started 
all  exceeded  the  maximum  control  values  and  were  1.0°  to  2.0°  above  the  average. 

R.  Panting  respiratory  rates.  These  were  higher  than  those  of  the  controls,  but 
since  there  was  much  individual  variation  in  this  rate  it  is  doubtful  whether  or  not 
the  values  are  significant.  A  possible  explanation  is  to  be  found  in  the  fact  that  the 
dogs  in  the  summer  panted  a  great  deal  and  due  to  their  elevated  body  temperature 
were  continually  on  the  verge  of  panting.  Dogs  conditioned  to  panting  pant  at  a 
higher  rate  than  that  of  unconditioned  dogs  just  commencing  to  pant. 

S.  The  diathermy  heating  time.  This  is  the  time  interval  during  which  the  animals 
are  heated  by  diathermy.  Since  each  dog  was  heated  with  a  heat  dosage  equal  to  its 
own  B.M.R.  the  time  interval  was  proportional  to  the  total  heat  dosage.  The  heat 
dosages  required  for  panting  in  3  of  the  6  panting  tests  were  less  than  the  minimum 
normal  value  whereas  in  the  other  three  tests  the  heat  dosage  was  higher  than  average 
but  not  abnormally  high. 


DISCUSSION 

As  a  result  of  these  temperature  regulatory  tests  on  dogs  with  divided  pituitary 
stalks  and  on  normal  dogs  the  following  conclusions  can  be  drawn. 

Dogs  with  a  divided  pituitary  stalk  have  a  persistent  hyperthemia.  The  resting 
body  temperature  is  elevated  0.5°  to  1.0°  above  normal  body  temperature. 

The  operated  dogs  have  normal  responses  to  cold.  They  are  able  to  constrict 
peripheral  vessels  and  shiver  in  the  same  manner  as  normal  dogs.  However,  due  to 
their  continuous  elevated  temperatures  the  threshold  temperatures  for  shivering  and 
peripheral  vasoconstriction  are  elevated  to  the  same  degree  as  body  temperature. 

The  heat  loss  mechanisms,  i.e.,  panting  and  peripheral  vasodilation,  function 
normally  but  all  thresholds  are  elevated.  The  dogs  were  hypersensitive  to  heat  as 
shown  by  the  measured  heat  dosages  required  for  panting  and  also  by  the  casual 
observation  that  they  panted  more  frequently  than  normal  dogs. 

In  general,  one  may  conclude  that  the  physiological  mechanisms  with  which  a 
dog  maintains  his  body  temperature  within  its  usual  narrow  range  function  normally 
but  all  of  the  processes  are  elevated  0.5°  to  2.0°.  One  might  state  that  the  physio' 
logical  thermostat  has  been  set  to  function  at  a  higher  level  and  once  set  at  that  level 
the  process  of  temperature  regulation  is  normal.  In  seeking  to  determine  the  cause  of 
the  elevated  temperatures  there  are  two  possibilities,  (a).  There  may  be  nerve  fibers 
or  glandular  structures  in  the  stalk  and  posterior  lobe  of  the  hypophysis  which  func' 
tion  to  set  the  body  temperature  at  the  normal  level  or  (b),  hypothalamic  injury  re^ 
suiting  from  operative  procedures  might  damage  the  hypothalamic  region  which  is 
required  for  normal  temperature  regulation. 

SUMMARY 

Normal  dogs  and  dogs  with  a  divided  pituitary  stalk  were  tested  for  (a)  shivering, 
(b)  vasoconstriction,  (c)  vasodilation  and  (d)  panting.  The  tests  were  performed  by 
having  the  dogs  rest  in  a  cool  air  conditioned  room  until  shivering  had  started.  The 
animals  were  then  heated  by  diathermy  until  active  vasodilation  had  occurred.  Skin 
temperature  of  the  ear,  paw,  thorax  and  beneath  the  diathermy  electrodes  and  rectal 
temperatures  were  measured  during  the  course  of  the  experiment.  Shivering  was  re' 
corded  by  a  mechanical  shivering  recorder.  From  the  graphs  of  temperature  vs.  time 
threshold  temperatures  for  shivering,  vasoconstriction  and  vasodilation  were  ob' 
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tained.  Panting  was  induced  by  diathermy  in  a  controlled  environment  and  panting 
threshold  temperatures  were  obtained  from  a  temperature'time  graph.  Detailed  histo- 
logical  studies  were  made  of  the  hypophysis  and  hypothalamus.  Cutting  the  pituitary 
stalk  caused  an  increase  of  rectal  and  skin  temperatures.  The  above  mentioned  tem^ 
perature  regulatory  responses  all  functioned  normally  but  at  elevated  thresholds  of 
0.5°  to  2.o°C. 
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EFFECTS  OF  HYPOPHYSIAL  STALK  RESECTION  ON 
THE  HYPOPHYSIS  AND  HYPOTHALAMUS  OF  MAN 

A.  T.  RASMUSSEN  and  W.  JAMES  GARDNER 
From  the  Department  of  Anatomy,  University  of  Minnesota, 
and  the  Cleveland  Clinic 

MINNEAPOLIS,  MINNESOTA  AND  CLEVELAND,  OHIO 

IT  HAS  BEEN  ESTABLISHED  that  Severing  the  hypophysial  stalk  in  monkeys, 
without  injury  to  the  median  eminence  of  the  tuber  cinereum,  causes  no  evi' 
dent  modification  in  the  water  intake  or  urine  output  (i,  2,  3).  But  if  the  resec' 
tion  is  so  high  that  only  half  or  less  of  the  median  eminence  is  left  intact,  severe 
diabetes  insipidus  invariably  follows,  as  is  also  the  case  when  the  supraoptico¬ 
hypophysial  nerve  tract  is  cut  bilaterally  in  the  hypothalamus  (4).  Since  there  are 
species  differences,  it  is  not  only  desirable  but  in  many  cases  necessary  to  check  ani¬ 
mal  experiments  by  comparable  clinical  cases  before  application  can  be  made  to  man, 
although  there  are  indications  that  about  the  same  results  should  be  expected  in 
human  beings  in  this  instance  (5,  6). 

The  present  case  is  also  of  special  interest  because  elevated  blood  pressure  in 
certain  cases  has  been  regarded  by  some  as  an  expression  of  hyperactivity  of  the 
hypophysis.  Thus  the  late  Dr.  Cushing  (7-10)  was  struck  by  the  presence  of  pituitary 
basophil  adenomas  in  a  polyglandular  syndrome,  since  then  associated  with  his 
name,  and  by  the  invasion  of  the  neural  lobe  by  basophil  cells  in  eclampsia — in  both 
of  which  there  is  hypertension.  That  there  is  any  relationship  between  this  baso¬ 
philic  invasion  and  blood  pressure  is  highly  questionable  (ii,  12,  13).  However, 
there  is  a  tendency  to  expect  relatively  low  blood  pressure  in  so-called  hypopituitary 
states.  The  fact  that  a  powerful  vasopressor  substance  is  extractable  from  the  neural 
lobe,  naturally  suggests  that  sufficient  depression  of  this  lobe  might  tend  to  lower 
blood  pressure.  Cutting  the  hypophysial  stalk  in  animals  has  long  been  known  (14) 
to  be  followed  by  obvious  histological  changes  and  atrophy  in  the  neural  portion  of 
this  lobe  has  been  stressed  most  recently  by  Ranson  and  Magoun  (15). 

Due  to  a  combination  of  circumstances,  this  case  contributes  definite  information 
on  the  extent  and  origin  of  the  hypothalamico-hypophysial  nerve  tract  about  which 
there  is  still  some  question  (16). 

CASE  HISTORY 

A  man  (M.M.)  of  46,  who  had  suffered  from  headache  for  3  years,  with  choked  disc  and 
hypertension,  and  suspected  of  having  a  brain  tumor,  was  found  to  have  normal  ventriculo¬ 
grams.  Subtemporal  decompression  brought  relief  from  headache  for  8  months,  but  then  the 
blood  pressure  rose  to  200/130  with  recurrence  of  symptoms  and  signs  of  a  left  frontal 
lesion.  A  left  frontal  craniotomy  was  performed  under  avertin  anesthesia.  The  frontal  lobe 
was  elevated  and  suprasellar  region  examined  by  means  of  a  lighted  retractor,  but  there  was 
no  evidence  of  brain  tumor.  The  internal  carotid  arteries  were  dilated  and  elongated. 

In  order  to  observe  the  effect  on  the  hypertension,  the  hypophysial  stalk  was  brought 
into  view  (by  retraction  of  the  optic  nerve,  as  shown  in  figure  8)  and  divided  just  above  the 
diaphragma  sellae  with  the  electrosurgical  unit.  At  the  same  time  the  upper  surface  of  the 
anterior  lobe  of  the  hypophysis  was  cauterized.  Immediately  after  the  operation  the  blood 
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pressure  was  110/75.  It  rose  to  150/90  on  the  6th  postoperative  day.  The  patient  was 
then  allowed  out  of  bed.  From  the  7th  to  the  12th  postoperative  day  the  systolic  pressure 
varied  from  83  to  100,  and  the  diastolic  from  40  to  50.  On  removal  to  a  sanitarium  the  blood 
pressure  was  124/94.  At  no  time  did  he  show  any  unusual  thirst  or  polyuria.  Five  months 
later  he  had  a  stroke  and  died  in  two  weeks.  The  body  was  well  embalmed  5  hours  after 
death. 

The  only  thing  of  interest  brought  out  at  the  postmortem  examination  was 
hypertrophy  and  dilatation  of  the  heart  and  generalized  arteriosclerosis.  The  arteries 
at  the  base  of  the  brain  were  dilated  and  tortuous  but  the  brain  otherwise  appeared 
normal.  It  was  carefully  preserved  in  formalin.  The  hypophysis  was  cupped  but  was 
attached  to  the  brain  as  usual.  The  sella  turcica  with  the  hypophysis  was  removed 
and  stored  in  formalin.  After  removal  of  most  of  the  surrounding  connective  tissue 
the  hypophysis,  with  about  half  of  the  stalk  attached,  weighed  0.320  gm.  or  about 
half  the  usual  weight.  The  lower  end  of  the  stalk  was  definitely  constricted  and  more 
transparent  than  usual.  The  upper  surface  of  the  anterior  lobe  was  greatly  depressed 
as  shown  in  figure  i. 

Histological  Appearance  of  the  Hypophysis 

The  hypophysis  was  cut  sagittally  at  10  fi,  with  a  few  5  n  sections  at  intervals. 
Every  5th  section  was  stained  with  hematoxylin  and  eosin.  Similar  series  were 
stained  by  the  Mallory-Heidenhain  technic  and  by  Bodian’s  activated  protargol 
silver  method.  Individual  5  /x  sections  were  stained  by  various  differential  methods. 
A  midsagittal  section  is  illustrated  in  figure  3  and  shows  clearly  that  much  of  the 
anterior  lobe  is  completely  fibrosed.  Figure  2  is  a  comparable  section  from  a  normal 
hypophysis.  Volumetric  determinations  (projection  of  serial  sections  onto  paper  and 
weighing  the  paper  areas)  are  presented  in  table  i  in  comparison  with  normal  pro' 
portions  (17).  It  is  evident  that  the  anterior  lobe  has  been  reduced  to  nearly  one'half 
the  usual  size  and  that  more  than  a  fourth  of  what  is  left  is  connective  tissue,  leaving 
only  about  %  of  the  average  amount  of  normal  parenchyma.  The  infundibular 
process  is  about  one-third  the  average  size;  but  the  pars  intermedia  has  a  typical 
histological  appearance  with  more  than  the  average  amount  of  proliferation  of 
basophilic  cells  (indicated  by  B  in  fig.  3). 

Table  i.  Hypophysis  of  M.M.  (47  yr.,  150  lb.,  155  cm.)  in  comparison  with  normal  male  hypophysis 


Total  weight  0.320  gm.  Stalk  o.03igm.  Capsule  o.032gm. 


Sub¬ 

divisions 

Pars  distalis 

Proc. 

infun- 

dibuli 

Pars  intermedia 

Total 
(without 
stalk  and 
capsule) 

Conn. 

tissue 

Paren¬ 

chyma 

Total 

Col¬ 

loid 

Paren¬ 

chyma 

Total 

M.M. 

0.047 

0.157 

0.204 

0.042 

0.001 

0.010 

O.OII 

0.257 

Normal 

Min. 

Ave. 

Max. 

0.0002 

0.002 

0.010 

0.222 

0.391 

0.605 

0.224 

0.394 

0.611 

0.027* 

0.121 

0. 246 

0.001 

O.OIl 

0.052 

0.0005 

0.005 

0.020 

0.001 

O.OII 

0.052 

0.358 

0.526 

0.788 

>  Exception.  Usual  minimum  about  0.050  gm. 


As  shown  in  figure  3,  the  lower  end  of  the  infundibulum,  at  the  site  of  the 
cauterization,  the  neural  and  glandular  tissues  have  been  largely  replaced  by  con¬ 
nective  tissue.  A  small  bundle  of  nerve  fibers,  however,  was  not  interrupted  and 
passes  through  to  the  posterior  lobe.  These  fibers  are  shown  under  higher  magnifica¬ 
tion  in  figure  4,  N.  Some  of  them  are  shown  as  they  spread  out  more  posteriorly  in 
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Fig.  I.  Anterior  and  superior  aspects  of  hypophysis  of  M.M.  freed  from  surrounding  con¬ 
nective  TISSUE.  X2.  Fig.  2.  Midsagittal  section  of  normal  adult  hypophysis.  A,  anterior  lobe;  P, 
processus  infundibuli  of  neural  lobe;S,  infundibular  stem.  Xj.  Fig.  j.  Midsagittal  section  of  hypothy- 
sis  OF  M.M.  A,  normal  anterior  lobe  tissue — ^rest  of  lobe  (light  colored)  is  fibrosed;  A',  normal  an¬ 
terior  lobe  tissue  surrounding  lower  end  of  infundibulum  and  spared  by  cautery;  B,  basophilic  cells  from 
pars  intermedia  invading  neural  lobe  P;  S,  infundibular  stem  in  region  of  cauterization  (retouched  to 
sharpen  small  bundle  of  uncut  nerve  fibers.  Fig.  4.  Higher  power  photomicrograph  of  constricted 
PART  OF  INFUNDIBULUM  OF  FIG.  J.  A',  anterior  lobe  tissue  (posterior  to  stalk);  N,  small  strand  of  nerve 
fibers  passing  into  posterior  lobe.  Fig.  5.  High  power  photomicrograph  of  normal  processus  infun¬ 
dibuli.  Fig.  6.  Medium  power  photomicrograph  of  area  squared  in  neural  lobe  of  fig.  3  showing 

NERVE  FIBERS  SPREADING  OUT  POSTERIORLY.  Fig.  7.  HiGHER  POWER  PHOTOMICROGRAPH  OF  NEURAL  LOBE  OF 

M.M.  (in  region  indicated  by  P  in  fig.  3)  comparable  in  every  way  to  fig.  5.  showing  increased 
CELLULAR  DENSITY  AND  SCARCITY  OF  NERVE  FIBERS.  (Fig.  2-7.  Bodian  activated  protargol  silver  technic. 
10  m) 
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figure  6,  which  is  an  enlarged  view  of  the  region  indicated  by  a  square  just  below 
A'  of  figure  3.  In  the  more  posterior  regions  of  the  neural  lobe,  as  seen  in  figure  7, 
the  nerve  fibers  are  very  sparse.  The  marked  increase  in  cellular  density  everywhere 
in  the  processus  infundibuli  is  evident  (compare  figure  7  with  figure  5,  which  is  a 
comparable  section  from  a  normal  hypophysis).  This  relative  hypercellularity  agrees 
strikingly  with  all  animal  experiments  involving  lesion  in  the  stalk,  from  the  early 
ones  of  Cushing  and  Goetch  (14)  to  the  most  recent  (18).  This,  in  part  at  least,  is 
probably  due  to  diminution  in  the  size  of  the  lobe  from  loss  of  nerve  fibers,  which 
constitute  a  large  fraction  of  the  total  bulk.  Cytological  changes  in  the  cells  remain 
to  be  studied.  Ranson  and  Magoun  (15)  found  that  months  after  interruption  of  the 
supraoptico'hypophysial  tract  the  pituicytes  could  no  longer  be  identified  by  Pen- 
field’s  modification  of  the  del  Rio  Hortega  silver  carbonate  stain. 

The  Brain  in  General 

A  midsagittal  section  of  the  brain  revealed  a  slight  shifting  of  the  right  thalamus 
to  the  left,  so  that  a  thin  slice  of  the  right  side  remained  on  the  left  half.  The  detached 
piece  has  been  replaced  in  proper  position  in  figure  10.  Frontal  sections  disclosed  a 
hematoma  of  recent  origin  on  the  right  side.  Anteriorly  the  hemorrhage  extended 
only  into  the  extreme  posterior-superior  portion  of  the  hypothalamus.  Morepos' 
teriorly,  however,  the  entire  thalamus  and  corpus  striatum  were  involved;  but  the 
rest  of  the  right  half  and  the  entire  left  half  of  the  brain  were  normal  in  appearance. 

The  Hypothalamus 

The  hypothalamic  region  of  each  hemisphere,  as  blocked  out  in  figure  9,  was 
sectioned  serially  in  the  frontal  plane  at  10  fi  and  several  series,  each  consisting  of 
every  loth  section,  were  stained  with  cresyl  violet  (a  Nissl  stain)  and  by  the  methods 
listed  in  connection  with  the  hypophysis. 

The  most  obvious  change  was  a  marked  loss  of  cells  from  the  supraoptic  nucleus 
of  both  sides,  as  shown  in  figures  13  and  14,  which  should  be  compared  with  the 
normal  appearance  of  this  nucleus  illustrated  in  figures  ii  and  12.  There  are  generally 
about  150  cells  with  nucleoli  in  a  single  10  n  section  through  the  widest  part  of  this 
cell  group  and  a  total  of  about  60,000  cells  on  each  side  of  an  average  normal  brain; 
whereas  in  this  patient  the  maximum  number  of  cells  encountered  in  a  single  section 
was  about  50  and  the  total  per  side  about  9,000.  Table  2  indicates  that  all  portions 
of  the  nucleus  suffered  extensively.  The  table  is  abbreviated  by  averaging  the  number 
of  cells  (with  nucleoli)  found  in  4  consecutive  sections  of  a  series  consisting  of  every 
loth  section  and  regarding  it  as  representing  every  40th  section  of  a  complete  series. 
About  85%  of  the  cells  have  entirely  disappeared.  There  are  no  significant  reactions 
on  the  part  of  the  neuroglia  nor  other  changes  to  indicate  that  the  loss  of  cells  is 
due  to  any  vascular  change.  The  only  reasonable  interpretation  is  that  it  is  retrograde 
degeneration  due  to  cutting  the  cell  process.  Some  of  the  remaining  cells  are  atypical 
in  shape,  but  this  is  of  questionable  significance. 


Fig.  8.  Operative  exposure  of  hypophysial  stalk  through  right  frontal  craniotomy  (another 
case).  A,  right  optic  nerve  retracted  by  nerve  hook;  B,  hypophysial  stalk;  C,  diaphragma  sellae.  Fig.  9. 
Medial  view  of  right  cerebral  hemisphere  of  M.M.  A,  B,  C,  D,  E,  F,  planes  of  transection  of  brain; 
O.C.,  optic  chiasm;  M.B.,  mammillary  body.  Region  of  hypothalamus  outlined  cut  serially.  Dark  area  in 
hypothalamic  sulcus  due  to  exposure  of  hematoma  by  mid-sagittal  section  cutting  into  right  thalamus 
(see  fig.  10).  Fig.  10.  Frontal  section  through  plane  B  of  fig.  9.  Anterior  margin  of  hematoma  indi¬ 
cated  by  black  on  right  side. 
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Fig.  II.  Normal  right  supraoptic  nucleus  in  region  of  maximum  number  of  nerve  cells  per 
SECTION,  iS'YEAR  BOV.  Fig.  12.  As  ABOVE  OF  NORMAL  LEFT  SUPRAOPTIC  NUCLEUS.  Fig.  IJ.  RiGHT  SUPRAOPTIC 
NUCLEUS  OF  M.M.  IN  REGION  WITH  MAXIMUM  CELLS  PER  SECTION.  Fig.  I4.  As  ABOVE  OF  LEFT  SUPRAOPTIC 
NUCLEUS  OF  M.M.  Fig.  15.  Right  paraventricular  nucleus  of  M.M.  Fig.  i6.  Normal  paraventricU' 
LAR  NUCLEUS,  iS'YEAR  BOY.  Fig.  I7.  LeFT  PARAVENTRICULAR  NUCLEUS  OF  M.M.  (FigS.  II-I7,  CrCsyl  violct. 
10  H.) 
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EFFECT  OF  HYPOPHYSIAL  STALK  RESECTION 


Table  2.  Cells  in  the  supraoptic  nuclei 


Every 

40th  section, 
10  n 

Normal  18  yr.  cf  | 

Stalk  resection  47  yr.  cf 

Right 

Left 

R+L 

R+L 

Right 

Left 

1 

3 

1 

4 

2 

19 

15 

34 

2 

2 

j 

49 

53 

102 

10 

3 

7 

4 

90 

79 

169 

21 

6 

15 

5 

116 

122 

2J8 

58 

39 

19 

6 

1J5 

136 

271 

61 

42 

19 

7 

1J4 

146 

280 

51 

26 

15 

8 

14J 

151 

294 

49 

15 

14 

9 

144 

115 

159 

40 

21 

19 

10 

109 

108 

217 

36 

20 

16 

II 

lOJ 

120 

22J 

17 

10 

12 

12 

107 

119 

226 

18 

8 

10 

ij 

1 19 

I18 

137 

14 

5 

9 

14 

87 

92 

179 

15 

4 

11 

15 

78 

55 

133 

7 

2 

15 

16 

40 

31 

71 

9 

4 

5 

17 

JJ 

26 

59 

13 

7 

6 

18 

11 

14 

35 

12 

6 

6 

19 

4 

9 

13 

7 

2 

5 

20 

J 

3 

6 

2 

2 

21 

I 

2 

3 

1 

I 

Total 

1,528 

1,526 

3,054 

448 

130 

218 

X  40 

61,120 

61,040 

122, 160 

17,920 

9,200 

8,720 

In  spite  of  this  great  loss  of  cells  in  the  supraoptic  nuclei  and  characteristic 
change  in  the  neural  lobe  of  the  hypophysis  there  was  no  obvious  disturbance  in 
water  metabolism.  Apparently  15%  of  the  supraoptico'hypophysial  system  is  suf' 
ficient  to  prevent  diabetes  insipidus,  which  is  quite  in  agreement  with  the  latest 
experiments  on  the  monkey  by  Ranson,  Magoun  and  Fisher  (i,  2,  3).  It  may  further 
be  assumed  that  there  are  probably  at  least  100,000  nerve  fibers  in  the  infundibular 
stem  because  that  many  cells  have  undergone  retrograde  degeneration  as  a  result  of 
almost  complete  severing  of  the  stalk  by  the  cautery.  Direct  counting  in  normal 
material  yielded  as  high  as  69,000  nerve  fibers  (19),  but  evidently  their  small  size 
and  tendency  to  coalesce  vitiate  materially  the  results  of  that  procedure,  as  was 
recognized  at  the  time. 

The  paraventricular  nuclei  are  fairly  prominent  but  some  loss  of  large  cells  is 
probable.  It  is  much  more  difficult  to  evaluate  the  reaction  in  this  location  because 
of  the  extent  and  variability  normally  encountered.  The  difference  between  the 
paraventricular  nuclei  and  a  typical  normal  section  is  illustrated  in  figures  15,16 
and  17;  figure  16  being  taken  from  an  iS-year^old  boy  killed  accidentally.  With  only 
a  single  case  it  is  unsafe  to  make  any  very  definite  statement.  Magoun  and  Ranson 
(2)  estimate  that  about  20%  of  the  cells  of  the  nucleus  degenerate  in  monkeys  when 
the  hypophysial  stalk  is  cut.  In  the  dog,  little  or  no  reaction  follows  unless  the  tuber 
cinereum  is  damaged  and  only  in  some  rats  is  there  a  noticeable  change,  which 
consists  of  a  loss  of  cells  in  the  large'Celled  portion  (18). 

SUMMARY 

The  hypophysis  and  hypothalamus  in  a  man  of  47  with  malignant  hypertension, 
5  months  after  almost  complete  surgical  interruption  of  the  nerve  fibers  in  the 
infundibulum  and  2  weeks  after  a  unilateral  brain  hemorrhage,  are  described. 
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Typical  cellular  condensation  and  atrophy  of  the  processus  infundibuli  occurred 
just  as  regularly  follow  stalk  resection  in  animals.  Pars  intermedia  is  not  appreciably 
changed.  Fibrosis  and  reduction  of  the  normal  parenchyma  of  the  anterior  lobe  to 
about  %  of  the  average  amount  are  directly  ascribable  to  cauterization  by  the  electro- 
surgical  unit  used  in  resecting  the  stalk. 

The  supraoptic  nuclei  have  only  about  15%  as  many  cells  as  are  normally  present. 
The  loss  of  85%  of  the  cells  bilaterally  is  interpreted  as  retrograde  degeneration 
resulting  from  cutting  their  processes  in  the  infundibular  stem,  because  it  is  simple 
degeneration  unaccompanied  by  any  significant  reaction  on  the  part  of  the  interstitial 
tissue  and  of  the  absence  of  demyelination  in  the  neighborhood. 

The  inference  is  made  that  there  are  at  least  100,000  fibers  in  the  infundibular 
stem  of  man  and  that  they  are  derived  almost  wholly  from  the  supraoptic  nuclei. 

In  spite  of  the  great  diminution  in  the  supraoptico-hypophysial  nervous  system 
and  alterations  in  the  neurohypophysis,  no  diabetes  insipidus  resulted,  which  is  in 
agreement  with  recent  experiments  on  monkeys  where  12  to  16%  of  this  mechanism 
is  sufficient  to  preserve  normal  urine  output. 

Apparently  some  of  the  large  cells  of  the  paraventricular  nuclei  have  degenerated 
but  the  extent  of  cell  loss  in  this  region  is  uncertain.  Outside  of  the  changes  ascribable 
to  the  hematoma,  no  other  significant  brain  changes  are  evident. 

While  the  hypertension  went  down  after  resection  of  the  hypophysial  stalk,  the 
effects  on  blood  pressure  of  decompression  and  other  factors  incident  to  the  operative 
procedure,  together  with  the  early  death  of  the  patient,  prevent  the  drawing  of 
any  conclusions  on  this  point. 
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THE  ANATOMICAL  RELATIONSHIPS  OF  THE  HYPO^ 
PHYSIAL  STEM  AND  THE  MEDIAN  EMINENCE' 
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Recent  physiological  observations,  such  as  those  by  Magoun,  Fisher  and 
Ranson  (i)  have  made  desirable  an  accurate  definition  of  the  line  of  junction 
of  the  neurohypophysis  and  the  hypothalamus.  Unfortunately  no  one  has 
endeavored  to  determine  this  line  of  junction  on  the  basis  of  the  cytologic  charac' 
teristics  of  these  areas.  In  view  of  the  fact  that  their  microscopic  structure  is  in 
each  instance  typical  and  vastly  different  from  the  other  and  that  the  neurohypophysis 
contains  a  cell,  the  pituicyte,  peculiar  to  it,  this  is  surprising.  True,  efforts  at  delinea' 
tion  of  this  junction  on  the  basis  of  the  relative  vascularity  of  the  two  tissues  or  of 
their  susceptibility  to  staining  with  vital  dyes  (a)  have  been  made;  while  Tilney  (3), 
Magoun  and  Ranson  (4),  and  Gersh  (5)  have  declared  the  median  eminence,  formerly 
regarded  as  part  of  the  hypothalamus,  to  be  composed  of  neurohypophysial  tissue. 

The  microscopic  differences  between  these  tissues  are  striking.  The  hypothala^ 
mus  contains  ganglion  cells,  astrocytes,  oligodendroglia  and  microglia.  The  neuro' 
hypophysis  contains  none  of  these  but  does  contain  an  abundance  of  glial  cells 
peculiar  to  it,  the  pituicytes  (6).  Both  tissues  contain  nonmedullated  nerve  fibers, 
blood  vessels  and  related  connective  tissue,  and  thus  these  are  far  less  useful  in  diL 
ferentiating  the  two  tissues,  even  though  it  is  true  that  the  blood  vessels  and  the 
connective  tissue  are  more  abundant  in  the  neurohypophysis. 

We  have  examined  this  region  and  determined  the  line  of  junction  of  these  two 
tissues,  which  in  most  instances  is  amazingly  sharp,  in  both  the  monkey  (Macacus 
rhesus)  and  the  cat  (Felinus  domesticus). 

MATERIAL  AND  METHODS 

Nine  normal  brains  from  monkeys^  and  4  from  cats  were  examined.  In  each 
instance  the  animals  were  perfused  through  the  aorta  with  normal  saline  solution 
followed  by  10%  formalin.  Subsequently  the  brains  were  removed  piecemeal  leaving 
only  a  small  block  of  hypothalamus  and  the  hypophysis  which  were  then  dissected 
out  intact  without  breaking  the  hypophysial  stalk.  All  blocks  except  one  from  a  mon^ 
key,  which  was  cut  in  the  frontal  plane,  were  sectioned  sagittally  either  as  frozen 
sections  or  as  serial  paraffin  sections. 

Penfield’s  modification  of  del  Rio  Hortega’s  method  for  impregnating  microglia 
and  oligodendroglia,  Cajal’s  gold  sublimate  method  for  impregnating  astrocytes  and 
Cajal’s  nerve  fiber  method  were  used  on  the  frozen  material.  The  former  was  shown 
first  by  Bucy  to  impregnate  pituicytes.  Adjacent  representative  paraffin  sections 
were  stained  with  hematoxylin  and  eosin,  thionin  or  cresyl  violet,  and  impregnated 

*  Aided  by  a  grant  from  the  Elouglas  Smith  Foundation. 

*  These  brains  were  very  kindly  given  to  us  by  Professor  George  W.  Bartelmez  of  our  Department 
of  Anatomy. 
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by  Bodian’s  method  for  nerve  fibers,  Laidlaw’s  method  for  connective  tissue  and 
Griffith’s  modification  of  Penfield’s  method.  Pituicytes  were  not  well  shown  in  all 
instances  by  the  latter  method,  but  in  one  Macaque  series  excellent  staining  results 
were  obtained. 

TERMINOLOGY 

Throughout  this  paper,  the  terminology  used  corresponds  with  that  proposed  by 
Rioch  and  Wislocki  (7),  and  all  references  to  different  anatomical  portions  of  the 
neurohypophysis  should  be  recognized  as  those  described  by  them  and  illustrated 
in  figures  i  and  2  of  their  recent  paper.  Ranson  (8),  in  a  personal  communication,  ex' 
pressed  his  complete  agreement  with  their  figures  and  terminology.  However,  the 
reconstruction  drawings  in  recent  publications  from  his  laboratory  (1,9)  obviously  do 
not  agree  with  the  figures  of  Rioch  and  Wislocki  as  to  the  anterior  extent  of  the  me^ 
dian  eminence  and  as  to  the  hypothalamico'hypophysial  boundary.  According  to 
these  illustrations  the  antero-superior  limb  of  the  median  eminence  does  not  extend 
as  far  superiorly  as  Tilney  described  or  as  Rioch  and  Wislocki  illustrated  it. 

In  this  disagreement,  in  part,  lies  the  basis  for  the  differences  in  opinion  relative 
to  the  nature  of  the  median  eminence  expressed  by  Magoun  and  Ranson  (9)  when 
they  state  that  “By  many  previous  investigators  the  median  eminence  has  been  mis- 
interpreted  as  forming  a  part  of  the  hypothalamus.” 

We,  however,  have  been  inclined  to  accept  the  definition  of  the  median  eminence 
given  by  Tilney,  who  described  and  named  it,  and  to  then  determine  by  examination 
its  microscopic  composition.  Tilney  defines  the  median  eminence  as  a  protuberance 
from  the  floor  of  the  third  ventricle  which  “begins  to  assume  prominence  immediately 
behind  the  optic  chiasm  and  extends  backward  as  far  as  the  cephalic  limits  of  the  pre' 
mammillary  area.” 

We  would  agree  with  Rioch  and  Wislocki,  who  have  followed  Ranson,  in  defining 
the  inferior  limit  of  the  median  eminence  as  that  “point  where  the  straight  infundibu' 
lar  stem  clearly  commences.”  Unfortunately  these  authors  provide  no  similar  concise 
definition  of  the  superior  limits  of  this  structure.  From  a  study  of  their  figure  i  and 
of  our  own  material  we  would  define,  in  the  monkey,  its  superior  limit  posteriorly 
as  that  point  where  the  median  eminence  forms  an  angle  with  the  floor  of  the  premam' 
miliary  recess  of  the  third  ventricle.  This  line  of  junction  of  the  median  eminence  with 
the  floor  of  the  third  ventricle  coincides  closely  though  not  always  exactly  with  the 
boundary  between  neurohypophysial  and  hypothalamic  tissues.  Anteriorly  the  su¬ 
perior  limit  of  the  median  eminence  lies  just  postero-inferior  to  the  optic  chiasm.  The 
hypothalamico'hypophysial  boundary  does  not  correspond  with  this  antero  superior 
limit  of  the  median  eminence  but,  as  we  shall  show,  lies  considerably  below  it.  Later¬ 
ally  the  margins  of  the  median  eminence  are  not  demarcated  by  any  other  distinct 
anatomical  structure  as  are  the  anterior  and  posterior  limits.  However,  the  lateral 
margins  are  no  less  definite.  Just  posterior  to  the  optic  chiasm  the  lateral  borders  of 
the  median  eminence  are  in  contact  with  the  postero-medial  margins  of  the  supraoptic 
nuclei.  Further  posterior  the  lateral  margin  forms  a  distinct  acute  angle  with  the 
floor  of  the  lateral  hypothalamus. 

In  the  cat  the  median  eminence  is  very  small  as  there  is  but  a  small  bulbous  enlarge¬ 
ment  between  the  straight  infundibular  stem  and  the  undersurface  of  the  hypothala¬ 
mus.  In  both  the  cat  and  the  monkey  that  portion  of  the  third  ventricle  which 
extends  downward  into  the  median  eminence  constitutes  the  infundibular  recess. 
This  recess  is  much  more  extensive  in  the  cat  as  it  continues  downward  through  the 
infundibular  stem  into  the  infundibular  process. 
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OBSERVATIONS 

We  have  used  several  criteria  for  determining  the  nature  of  the  tissue  composing 
the  median  eminence  in  the  monkey  and  in  the  cat  and  for  distinguishing  the  junction 
of  the  hypothalamus  and  the  neurohypophysis  (fig.  1,2).  The  first  is  the  presence  or 


Fig.  I.  Monkey,  (a)  Projection  drawing  from  a  parasagittal  section  just  lateral  to  the  hypophysial 
stem.  The  hypothalamus  is  white,  the  neurohypophysis  as  determined  microscopically  is  black.  The 
adenohypophysis  is  stippled.  The  median  eminence  (ME),  optic  chiasm  (OC),  medial  mammillary  nucleus 
(M)  and  third  ventricle  (111)  are  indicated,  (b)  Sagittal  section  more  medial  than  “a”  which  passes  through 
the  upper  part  of  the  stem.  Same  animal  as  “a.”  (c)  Sagittal  section  through  the  stem.  Section  impregnated 
by  Penfield’s  method,  Griffith's  modification.  Same  animal  as  “a"  and  “b”  and  figure  4.  Fig.  2.  Cat. 
Sagittal  section  through  the  infundibular  stem.  Designations  same  as  in  figure  i. 

absence  of  characteristic  pituicytes.  One  of  us  (Bucy)  described  characteristic  cells, 
which  he  called  pituicytes  and  which  are  found  only  in  the  neurohypophysis  and 
never  elsewhere  in  the  central  nervous  system.  Retzius  (10)  and  Berkley  (ii)  first 
described  these  cells,  using  the  nonspecific  Golgi  technic,  but  did  not  recognize  their 
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specificity.  Griffiths  (la)  stated  that  they  seem  to  derive  from  supporting  ectodermal 
spongioblasts  and  it  is  his  belief  that  they  are  related  to  the  astrocyte  and  to  a  lesser 
extent  to  the  oligodendroglia.  Gersh  described  parenchymatous  “glandular”  cells  of 
the  neurohypophysis  which  are  probably  pituicytes.  He  was  concerned  with  certain 
lipoid  and  lipoiddike  substances  that  impregnate  with  osmium  tetraoxide,  which  are 
present  in  these  cells.  Other  glial  elements  and  ganglion  cells  are  not  found  within 
the  neurohypophysis  and  this  fact  we  have  also  used  to  determine  the  hypothalamico' 
hypophysial  division. 

The  division  between  the  neurohypophysis  and  the  hypothalamus  is  sharp  and 
usually  easily  determined,  particularly  in  the  monkey  (fig.  3).  On  the  hypophysial  side 
of  the  line  are  found  the  distinctive  pituicytes  (fig.  4).  Along  the  pial  margin  of  the 
hypophysial  stalk  these  cells  with  their  long  processes  arranged  perpendicular  to  the 
surface  and  attached  to  the  connective  tissue  capsule  are  particularly  distinctive 
(fig.  5).  This  arrangement  ceases  abruptly  at  the  junction  with  the  hypothalamus 
(fig.  4).  Nearer  the  ventricular  surface  this  arrangement  of  the  pituicytes  is  lacking 
but  these  characteristic  cells,  impregnated  by  Penfield’s  method,  with  their  long  proc- 
esses  and  spindle-shaped  or  angular  cell  bodies  are  readily  identifiable.  Furthermore, 
as  elsewhere  in  the  neurohypophysis,  no  ganglion  cells,  no  astrocytes,  and  no  oligo- 
dendroglia  or  microglia  are  to  be  found  on  the  hypophysial  side  of  this  junction. 

In  the  hypothalamus,  on  the  other  hand,  there  are  no  pituicytes, but  ganglion  cells, 
astrocytes,  oligodendroglia  and  microglia  are  to  be  found  in  abundance.  Furthermore, 
ganglion  cells,  which  are  readily  identifiable  are  frequently  found  just  above  the  line 
of  division  between  these  two  structures  (fig.  6). 

In  addition  the  neurohypophysis  is  characterized  by  a  more  abundant  connective 
tissue  which  consists  of  many  reticulin  fibrils  arranged  fairly  loosely  about  the  blood 
vessels.  This  is  less  striking  in  the  neurohypophysial  portion  of  the  median  eminence 
than  in  the  infundibular  process,  and  in  the  infundibular  stem  there  are  few  blood 
vessels  and  but  little  connective  tissue.  There  is  on  the  whole,  however,  a  definite 
difference  between  the  blood  vessels  and  connective  tissue  of  the  neurohypophysis 
and  the  hypothalamus  (fig.  7).  In  the  hypothalamus  the  amount  of  connective  tissue 
is  very  limited  and  is  confined  strictly  to  the  walls  of  the  blood  vessels.  However,  the 
differences  in  the  abundance  of  connective  tissue  and  its  architecture  although  con¬ 
firming  the  differentiation  made  upon  cytological  criteria  naturally  are  neither  as 
significant  nor  as  definite  indicators  of  the  line  of  demarcation  between  the  two  tissues 
as  the  differing  cellular  configuration  of  the  two  areas. 

The  nerve  fibers,  the  only  other  constituent  of  the  two  tissues,  being  common  to 
both,  in  fact  passing  from  the  one  to  the  other,  are  of  no  value  in  differentiating  the 
two  tissues. 

Our  conception  of  the  division  between  the  hypothalamus  and  the  neurohy¬ 
pophysis  is  indicated  in  figures  i  and  2  for  the  monkey  and  cat  respectively.  It  is  seen 
that  most  of  the  posterior  portion  of  the  median  eminence  appears  definitely  to  be 
part  of  the  neurohypophysis.  Here  our  observations  agree  fairly  closely  with  those 
of  Rioch  and  Wislocki,  and  the  line  of  division  between  the  hypothalamus  and  the 
neurohypophysis  posterior  to  the  third  ventricle  as  found  in  our  specimens  lies  but 
little  more  distal  to  that  illustrated  by  them  (compare  our  figures  1  and  2  with  their 
figures  I  and  2). 

Anteriorly,  however,  our  findings  are  in  sharp  disagreement  with  those  reported 
by  Rioch  and  Wislocki  and  by  Tilney.  Our  material  shows  that  neurohypophysial 
tissue  does  not  extend  far  up  the  median  eminence  anteriorly  in  the  monkey  and 
that  by  far  the  major  portion  of  the  rostral  median  eminence  anterior  to  the  third  ven- 
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tricle  is  composed  of  elements  found  elsewhere  in  the  hypothalamus  and  central 
nervous  system  and  should  be  considered  as  being  related  to  the  tuber  cinereum,  not 
to  the  neurohypophysis  (fig.  1).  It  is  certain  that  hypophysial  tissue  does  not  extend 
up  to  the  optic  chiasm.  In  the  cat  where  the  median  eminence  is  a  smaller  and  less 
distinct  structure  little,  if  any,  of  it  is  composed  of  neurohypophysial  tissue  (fig.  2). 

Our  sections  also  indicate  that  the  extent  of  the  pars  tuberalis  does  not  con¬ 
stitute  an  accurate  criterion  for  judging  the  boundaries  of  the  neurohypophysis,  for. 


Fig.  j.  Monkey.  Sagittal  section  through  the  median  eminence  showing  neurohypophysial-hypo¬ 
thalamic  junction.  The  line  of  junction  is  indicated  by  arrows.  Same  as  figure  la.  Hematoxylin  and 
eosin  X  18. 

at  least  in  the  monkey,  the  pars  tuberalis  does  not  extend  nearly  as  far  anteriorly  as 
previously  indicated  and  as  pictured  by  Tilney  and  by  Rioch  and  Wislocki. 

DISCUSSION 

It  would  seem  axiomatic  that  to  determine  the  extent  of  a  given  tissue  one  should 
determine  the  extent  of  that  constituent  peculiar  to  it.  In  the  case  of  the  neurohypo¬ 
physis  we  are  most  fortunate,  for  that  tissue  contains  a  cellular  element,  the  pituicyte, 
in  great  abundance  which  is  peculiar  in  its  morphology  and  staining  characteristics 
and  is  found  nowhere  else  in  the  nervous  system.  The  delineation  of  this  tissue  is 
further  made  easy  in  that  it  is  devoid  of  those  other  glial  elements  and  of  ganglion 
cells  which  are  found  in  most  other  parts  of  the  central  nervous  system,  but  particu- 
arly  in  that  adjacent  portion,  the  hypothalamus,  from  which  it  is  to  be  differentiated. 
On  the  basis  of  these  criteria  we  are  forced  to  disagree  with  Magoun  and  Ranson 
that  the  neurohypophysis  forms  any  considerable  part  of  the  anterior  median  emi¬ 
nence.  They  cite  no  evidence  for  their  conclusion.  Others  who  have  believed  that  the 


iji  THOMAS  A.  WEAVER,  JR.  AND  PAUL  C.  BUCY  Volume  17 

median  eminence  is  formed  of  hypophysial  tissue  have  presented  the  basis  for  their 
conclusions.  Tilney  has  regarded  the  median  eminence  as  hypophysial  “because  of  its 
intimate  connection  with  the  glandular  tissue  of  the  pituitary.”  Such  argument  is 
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Fig.  4.  Monkey.  The  neurohypophysial-hypothalamic  junction  (arrow)  as  iJemonstrated  hy  Pen' 
field’s  method.  Numerous  pituicytes,  particularly  those  arranged  perpendicular  to  the  connective  tissue 
capsule,  are  visible  in  the  neurohypophysis  below  the  arrow,  none  is  visible  in  the  hypothalamus  above. 
Penfield's  method,  Griffith's  modification.  X50.  Fig.  5.  Monkey.  Typical  appearance  of  the  pituicytes 
arranged  perpendicular  to  the  wall  of  the  hypophysial  stem  bordering  the  pars  tuberalis  at  the  ext  reme 
top.  The  tangle  of  pituicytes  in  the  interior  of  the  stem  is  also  evident.  Penfield's  method  X 148.  Fi  g.  6. 
Monkey.  The  neurohypophysial  hypothalamic  junction  is  indicated  by  arrows.  In  the  hypothalamus 
above  are  numerous  ganglion  cells  which  come  right  down  to  the  line  of  junction.  There  is  none  in  the 
neurohypophysis  below.  This  is  from  the  same  section  as  that  illustrated  in  figure  j,  and  is  from  the 
posterior  part  of  the  median  eminence.  Hematoxylin  and  eosin.  X  no.  Fig.  7.  Monkey.  Sagittal  section 
through  the  median  eminence  showing  the  capillary  structure  of  the  hypothalamus,  the  median  eminence 
(ME)  and  the  upper  part  of  the  hypophysial  stem  (S).  Laidlaw's  method  counterstained  with  neutral 
red  Xig. 

based  upon  the  unestablished  premise  that  the  neural  and  glandular  tissues  of  the 
hypophysis  are  coextensive  and  warrants  little  consideration.  Gersh  has  considered 
the  median  eminence  of  the  rat  as  hypophysial  because  it  contains  granules  that  can 
be  impregnated  by  osmic  acid.  As  he  has  presented  no  data  on  this  point  relative 
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to  the  monkey,  and  no  anatomical  details  as  to  what  he  regards  as  the  median  emi' 
nence  which  he  refers  to  as  a  “vague  area,”  and  no  exact  information  as  to  the  distribu' 
tion  of  these  granules  in  this  area  his  evidence  does  not  materially  assist  us  in  estab' 
lishing  the  line  of  demarcation  between  hypophysial  and  hypothalamic  tissues. 

Wislocki  and  King  have  stated. 

The  eminentia  saccularis  (now  called  the  median  eminence),  on  anatomical  and  physiological  grounds 
is  closely  allied  or  identical  with  the  infundibulum  of  the  hypophysis.  It  should  be  regarded  as  a  part 
of  the  infundibulum  and  not  considered  as  belonging  to  the  tuber  cinereum  from  which  it  differs 
fundamentally. 

As  nothing  is  positively  known  as  to  the  physiological  activity  of  the  neurohy' 
pophysis  it  is  difficult  to  comprehend  how  the  median  eminence  could  be  considered 
as  closely  allied  to  or  identical  with  that  structure  on  such  grounds.  Anatomically, 
their  contention  rests  on  two  criteria,  (d).  Both  the  neurohypophysis  and  the  median 
eminence  (as  well  as  the  adenohypophysis  and  “a  few  other  small  areas  of  the  brain”) 
are  stained  with  certain  vital  dyes  and  the  Prussian  blue  reagents,  (b).  The  hypothah 
amus  has  a  blood  supply  independent  of  the  neurohypophysis  and  a  different  type  of 
capillary  bed.  The  median  eminence  “on  the  score  of  its  vascular  supply  is  an  integral 
part  of  the  infundibulum”  of  the  hypophysis. 

Examination  of  their  data  reveals  that  staining  with  vital  dyes  or  Prussian  blue 
though  characteristic  of  the  neurohypophysis  is  not  peculiar  to  it.  They  found  the 
epithelial  portion  of  the  hypophysis  and  “a  few  other  small  areas  of  the  brain” 
particularly  the  area  postrema  and  the  supraoptic  crest  of  the  diencephalon  likewise 
to  be  stained  by  these  dyes.  And  King  (13)  in  another  publication  states  relative  to 
Trypan  blue,  one  of  the  vital  dyes  used  by  Wislocki  and  King  that 

With  adequate  dosage  and  careful  examination,  dye  granules  were  demonstrated  in  the  hypophysis, 
in  the  tuber  cinereum,  the  area  postrema,  paraphysis,  pineal  gland  and  preoptic  recess. 

Obviously  such  vital  staining  cannot  be  regarded  as  specific  for  the  neurohy- 
pophysis.  Furthermore,  examination  of  the  facts  adduced  by  Wislocki  and  King  raise 
some  doubt  that  the  line  of  separation  between  the  neurohypophysis  and  hypothala¬ 
mus  is  sharply  demonstrated  by  this  method.  Although  in  the  rabbit  the  infundibular 
stem  of  the  hypophysis  and  the  median  eminence  both  stained  deeply,  in  the  cat  these 
localities  are  only  faintly  stained  and  it  is  obvious  from  their  illustration  (fig.  2)  that 
no  opinion  relative  to  the  line  of  division  between  the  hypophysis  and  hypothalamus 
could  be  reached  on  the  basis  of  these  observations  in  that  animal.  As  a  matter  of  fact 
if  this  criterion  of  vital  staining  is  to  be  accepted  in  this  matter,  one  would  appar¬ 
ently  be  forced  to  conclude  that  in  the  cat  the  hypothalamus  extends  down  the  hypo¬ 
physial  stalk  to  the  infundibular  process.  In  the  monkey  a  not  dissimilar  situation 
obtains.  “In  the  infundibular  stalk  there  is  less  than  in  the  neural  process,  while  in 
the  tissue  of  the  tuber  cinereum  there  is  merely  a  rare  granule.”  And  if  we  consider 
those  brains  stained  by  the  Prussian  blue  reaction,  which  according  to  these  authors 
gives  pictures  “coinciding  exactly  with  the  distribution  of  trypan  blue,”  as  illustrated 
for  the  monkey  in  their  figure  3,  we  encounter  other  difficulties.  In  this  illustration  we 
see  that  the  staining  extends  well  dorsally  into  tissue  lying  posterior  to  the  optic 
chiasm  and  forward  beneath  the  chiasm  in  tissue  which  cannot  be  regarded  as  either 
median  eminence  or  neurohypophysis.  Thus,  although  it  is  obvious  that  neurohy¬ 
pophysial  tissue,  as  well  as  other,  is  stained  by  these  methods,  they  cannot  be  re¬ 
garded  as  specific  for  that  tissue.  Nor  does  it  appear  that  these  staining  methods  are 
adequate  to  differentiate  accurately  the  neurohypophysis  from  the  hypothalamus. 

The  identification  by  Wislocki  and  King  of  the  median  eminence  with  the  neuro' 
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hypophysis  on  a  vascular  basis  apparently  rests  upon  two  asserted  facts.  They  have 
a  common  blood  supply  different  from  the  hypothalamus  and  a  similar  capillary  bed. 

Concluding  that  the  median  eminence  is  part  of  the  neurohypophysis  because 
of  a  similarity  of  blood  supply  is  not  entirely  satisfying  for  the  anterior  lobe  of  the 
hypophysis  shares  the  superior  hypophysial  arteries  with  the  hypophysial  stem  and 
the  median  eminence,  and  yet  no  one  would  contend  that  it  is  composed  of  neuro' 
hypophysial  tissue.  On  the  basis  of  the  structure  of  the  capillary  bed  we  are  more 
nearly  in  agreement  with  these  authors  although  we  could  not  agree  that  capillary 
structure  alone,  apart  from  cytological  characteristics  could  serve  to  establish  the 
identity  of  this  tissue.  It  is  true,  however,  that  in  the  monkey  the  capillary  structure 
of  the  neurohypophysis  is  distinctive  although  it  provides  no  sharp  line  of  demarca¬ 
tion  with  the  hypothalamus  (see  their  figures  11-15).  Nor  are  the  vascular  and  con¬ 
nective  tissue  architecture  of  the  infundibular  process,  infundibular  stem  and  neuro¬ 
hypophysial  portions  of  the  median  eminence  identical  (14).  Furthermore,  it  appears 
to  us  that  their  photomicrographs  support  our  contention  that  the  portion  of  the 
median  eminence  lying  anterior  to  the  third  ventricle  between  the  hypophysial  stem 
and  the  optic  chiasm  is  composed  of  hypothalamic  tissue,  whereas  the  posterior  part 
of  the  median  eminence  is  neurohypophysial  tissue.  Their  figure  11  is  almost  identical 
in  plane  of  section  with  our  figure  ib.  The  difference  in  capillary  structure  of  the 
anterior  from  the  posterior  part  of  the  median  eminence  is  obvious  in  their  photo¬ 
micrograph.  Furthermore,  as  Wislocki  (2b)  has  noted  “In  the  cat  the  median  eminence 
is  relatively  avascular  and  consequently  shows  no  such  sharp  boundary  on  the  score 
of  vascularity  between  it  and  the  rest  of  the  brain.” 

These  anatomical  observations  have  definite  direct  bearing  upon  the  interpreta¬ 
tion  of  certain  critical  physiological  observations  recently  made  by  Ranson  and  his 
coworkers. 

Fisher,  Ingram  and  Ranson  (15)  in  a  series  of  logically  designed  and  skillfully 
executed  experiments,  confirmed  the  much  older  observations  of  Camus  and  Roussy 
(16)  Bailey  and  Bremer  (17)  and  others,  that  lesions  confined  to  the  hypothalamus 
will  produce  diabetes  insipidus.  It  is  their  contention  that  these  lesions  must  divide 
the  nerve  fibers  passing  from  the  supraoptic  nucleus  to  the  pars  nervosa  of  the  hy¬ 
pophysis,  which  have  been  so  well  shown  in  man  and  in  monkey  by  Rasmussen  (18), 
and  that  the  interruption  of  these  fibers  to  the  hypophysis  is  responsible  for  the  dis¬ 
turbance  in  water  metabolism. 

Magoun  and  Ranson  showed  that  division  of  the  hypophysial  stalk  below  the 
median  eminence  in  the  monkey  did  not  result  in  permanent  polydipsia  and  polyuria, 
in  agreement  with  Mahoney  and  Sheehan  (20)  and  others,  even  though  they  found 
that  70  to  80%  of  the  cells  of  the  supraoptic  nuclei  degenerated  after  such  a  lesion, 
whereas  a  higher  transection  through  the  median  eminence  did  result  in  permanent 
diabetes  insipidus  and  degeneration  of  80  to  90%  of  the  cells  in  that  nucleus.  They 
believe  that  this  represents  a  demonstration  of  the  physiological  reserve  capacity  of 
the  hypophysis  to  function  normally  in  the  face  of  destruction  of  70  to  80%  of  its 
substance.  In  view  of  the  minute  size  of  the  structure  concerned  and  the  ease  of  ac¬ 
cidental  hypothalamic  injury  as  indicated  by  the  operative  experiences  of  Magoun, 
Fisher  and  Ranson,  it  will  be  interesting  to  see  whether  other  investigators  are  able 
to  confirm  these  important  observations.  In  their  series  of  4  monkeys  that  developed 
definite  permanent  polyuria  as  a  result  of  section  of  the  median  eminence  two  had  ad¬ 
ditional  lesions  in  the  hypothalamus  and  two  did  not.  Certainly  in  each  instance  the 
depicted  lesion  within  the  median  eminence  appears  to  lie  in  a  region  in  which  we 
consistently  found  neurohypophysial  tissue. 
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If  in  a  larger  series  of  experiments  it  can  be  similarly  demonstrated  that  lesions 
confined  to  the  neurohypophysial  portion  of  the  median  eminence  without  associated 
injury  to  the  hypothalamus  are  productive  of  a  definite  permanent  diabetes  insipidus 
the  contention  that  the  neurohypophysis  and  the  supraoptico'hypophysial  fiber  sys' 
tern  are  the  portion  of  the  brain  concerned  with  water  metabolism  will  be  firmly 
established. 


SUMMARY 

A  study  was  made  of  9  macaque  brains  and  4  feline  brains  in  which  the  hypO' 
thalamus  and  the  intact  attached  hypophysis  were  cut  and  stained  serially  by  several 
staining  methods.  The  following  conclusions  were  made. 

Most  of  the  posterior  portion  of  the  median  eminence  lying  posterior  to  the  third 
ventricle  contains  cellular  elements  peculiar  to  the  neurohypophysis  and  should  be 
considered  part  of  the  pars  nervosa. 

The  anterior  portion  of  the  median  eminence  lying  anterior  to  the  third  ventricle 
cannot  be  said  to  be  thus  closely  related  to  the  neurohypophysis  and  superior  to  a 
clearly  defined  division  must  be  considered  part  of  the  tuber  cinereum  of  the  hypo¬ 
thalamus. 

The  pars  tuberalis  is  not  always  coexistent  with  the  neurohypophysis. 

In  experiments  designed  to  divide  the  greater  portion  of  the  neurohypophysis 
from  the  hypothalamus  in  the  study  of  diabetes  insipidus,  careful  attention  must  be 
given  to  the  location  of  the  line  of  junction  of  these  two  tissues  as  demonstrated  by 
these  observations. 
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FORMATION  AND  DESTRUCTION  OF  MALE  HORMONE 
BY  SURVIVING  ORGANS 

MARGUERITE  DANBY 

From  the  Pharmaco'therapeutic  Laboratory  of  the  University  of  Amsterdam 

AMSTERDAM,  THE  NETHERLANDS 

COMB'GROWTH  PROMOTING  substanccs  are  present  in  extracts  of  testicles.  The 
pure  substance,  testosterone,  was  obtained  in  our  laboratory  (i,  2,  3).  The 
question  arises  does  the  surviving  excised  testicle  produce  such  substances 
under  experimentally  controlled  conditions? 

Ssentjurin  (4)  claims  to  have  prevented  shrinking  of  the  comb  of  cocks  after 
castration,  by  means  of  Ringer-Locke  perfusates  of  testicles.  Sakamoto  (5)  treated 
infantile  mice  with  perfusion  liquid  of  testicles  and  observed  an  increased  growth 
of  the  testicles. 

Sixty  successful  experiments  with  surviving  organs  (6,  7,  8)  have  been  carried  out  by  the 
author.  Bull  testicles  were  perfused.  Immediately  after  the  killing  of  the  bull  the  blood  was 
collected  and  clotting  was  prevented  by  adding  chlorazol  fast  pink,  an  azo  dye  dissolved  in 
saline  (9,  10,  ii).  The  testicles  were  placed  in  saline  at  body  temperature  and  transported 
to  the  laboratory.  Perfusion  was  started  about  one  hour  after  killing  the  bull.  During  the 
first  experiments  the  apparatus  of  Embden  was  used,  later  this  was  replaced  by  a  Dale- 
Schuster  perfusion  pump  (12)  with  a  Hooker  oxygenator.  After  removing  the  tunica  albugin¬ 
ea  and  preparing  the  blood  vessels,  cannulae  were  tied  into  the  artery  and  vein;  at  the 
beginning  of  every  perfusion  the  organ  was  syringed  from  the  artery  with  some  warm  blood 
in  order  to  remove  clots  from  the  vessels.  The  organ  was  then  placed  in  a  heated  tank  and 
connected  with  the  pump.  The  apparatus  contained  400  to  600  cc.  of  blood  in  the  different 
experiments.  The  time  of  perfusion  varied  from  ^  to  4^^  hours  and  during  the  time  of  the 
experiment  a  difference  in  color  between  the  arterial  and  the  venous  blood  was  observed. 
Every  half  hour  during  the  experiment  the  pressure  and  the  velocity  of  the  perfusion  were 
noted.  The  pressure  remained  almost  constant  during  the  experiment,  only  at  the  beginning 
of  the  perfusion  had  it  at  times  a  tendency  to  fall.  After  3  to  jK  hours  a  slow  rise  of  the 
pressure  could  be  observed.  The  rhythm  of  the  pump  during  the  first  experiments  was  60 
to  80  per  minute;  in  further  experiments  a  rate  of  48  cycles  per  minute  was  chosen.  The 
temperature  of  the  organ  tank  and  blood  were  kept  constant  at  37  to  38°  C.  After  each  experi¬ 
ment  extracts  were  examined  from  control  blood,  which  had  not  been  used  for  perfusion,  the 
whole  quantity  of  perfused  blood,  the  nonperfused  testicle  of  the  same  animal  and  the 
perfused  testicle. 

The  blood  and  the  testicles  were  extracted  with  benzene  (13).  The  testicles  were  ground 
and  dried  with  potassium  sulphate.  A  second  method  used  was  that  of  Gallagher  and 
Koch  (14).  Comparison  showed  no  difference  between  the  two  methods  and  in  subsequent 
experiments  the  easier  method  of  Dingemanse  and  Laqueur  was  used.  The  amount  of  comb- 
growth  promoting  substances  in  the  different  extracts  was  examined  by  the  capon-comb 
test;  the  Fussganger  smear  test  (15)  was  adopted  because  smaller  quantities  of  comb-growth 
promoting  substances  are  indicated  by  this  method  than  by  the  subcutaneous  method. 
The  results  were  compared  with  those  obtained  with  testosterone  as  a  standard,  smeared 
in  the  same  week.  In  the  experiments  after  adding  substances  (less  active  than  testosterone) 
to  the  perfusion  blood,  the  subcutaneous  method  was  used  for  assay  purposes  Because  larger 
quantities  of  these  substances  were  present;  the  results  were  compared  with  androsterone 
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as  a  standard  or  with  the  substance  which  was  added  to  the  blood.  Besides  using  the  capon- 
comb  test,  the  extracts  of  normal  perfusion  blood  were  examined  by  the  seminal  vesicle  test 
(16).  In  some  experiments  the  amount  of  female  hormone  was  examined  by  the  Allen-Doisy 
test  (17). 

Some  experiments  were  performed  with  testicle  pulp  after  adding  male  or  other  sub¬ 
stances.  This  pulp  was  dried  with  potassium  sulphate  for  24  hours  and  then  treated  by  the 
method  of  Dingemanse  and  Laquer. 

In  order  to  study  the  destruction  of  male  hormone,  kidney  and  liver  were  perfused  with 
blood  to  which  male  hormone  was  added;  experiments  were  also  performed  with  pulp  of 
kidney  and  liver. 

RESULTS  AND  DISCUSSION 

Normal  bulls’  blood  contained  less  than  i  i.u.  of  comb  growth  promoting  sub¬ 
stance  per  liter,  higher  values  being  exceptional.  Added  chlorazol  dye  made  no  dif¬ 
ference  in  the  yield  of  hormones. 

When  bulls’  testicles  were  perfused  with  a  portion  of  normal  blood,  the  perfused 
blood  contained  up  to  50  i.u.  of  male  hormone  per  liter.  The  weights  of  the  two 
testicles  of  the  same  bull  do  not  differ  much.  After  the  perfusion  the  testicle  became 
heavier  owing  to  its  filling  with  blood.  Perfused  testicles  often  contained  more  comb 
growth  promoting  substances  than  control  testicles,  but  per  unit  of  weight  both 
testicles  contained  nearly  the  same  quantity.  One  testicle  yields  about  6  to  25  i.u. 
The  weight  of  the  testicles  varied  between  300  and  500  gm.  each. 

Table  i  shows  the  increase  of  comb  growth  promoting  substances  in  perfused 
blood;  at  the  same  time,  no  decrease  was  found  in  the  perfused  testicle.  These  results 
favor  the  view  that  comb  growth  promoting  substances  are  produced  during  the 
perfusion.  From  the  agreement  between  the  amount  of  male  hormone  in  the  perfused 
and  the  control  testicle  it  follows  that  the  testicles  of  a  bull  have  a  certain  individual 
capacity  to  retain  comb  growth  promoting  substances.  This  capacity  is  proportional 
to  the  productivity  of  a  testicle  because  after  perfusion  of  testicles  with  a  large 
original  content  of  comb  growth  promoting  substances,  the  perfused  blood  contained 
more  male  hormone  than  blood  perfused  through  testicles  which  contain  a  small 
amount  of  male  substances.  When  both  testicles  of  the  same  bull  were  perfused,  the 
l‘)erfusion  blood  of  each  testicle  contained  the  same  amount  of  male  hormone  (table  i, 
6a  and  6b). 

Table  i.  Perfusion  of  testicles  with  normal  blood 


No. 

Control 
blood  1 

1  Perfusion  blood 

Control  testicle 

Testicle  after 
perfusion 

i.u./kg. 

I.U. 

I.u./kg. 

I.U. 

I.u./kg. 

I.U. 

I.u./kg. 

1 

16 

8 

mm 

8 

17 

2 

46 

20 

M 

47 

3 

16 

<  8 

8 

18 

4 

28 

14 

>24 

>39 

5 

20 

<12 

<12 

<28 

6a 

50 

— 

<1? 

<51 

6b 

bh 

50 

— 

■Bi 

15 

47 

If  a  testicle  is  perfused  with  successive  portions  of  fresh  blood,  all  these  portions 
show  an  increased  amount  of  comb  growth  promoting  substances.  The  amount  of 
male  hormone  in  the  different  portions  is  related  to  the  duration  of  the  perfusion. 
With  the  same  time  of  perfusion  the  different  portions  of  blood  contain  about  the 
same  amounts  of  comb  growth  promoting  substances.  From  this  it  follows  that  the 
formation  of  male  hormone  takes  place  gradually  during  the  experiment.  Renewing 
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the  blood  shows  no  effect  on  the  formation  of  male  hormone;  the  sum  of  the  amounts 
of  male  substances  found  in  the  successive  portions  of  blood,  corresponds  to  the  total 
found  when  the  testicle  had  been  perfused  with  only  one  portion  of  blood  during 
the  whole  time  of  the  experiment.  If  the  experiments  with  different  portions  of  blood 
are  compared,  the  amount  of  these  comb  growth  promoting  substances  in  the 
portions  of  blood  is  related  to  the  amount  of  these  substances  found  in  the  perfused 
testicle. 

If  small  amounts  of  blood  are  withdrawn  every  hour  or  half  hour  during  the 
experiment,  the  later  portions  show  an  increased  amount  of  male  hormone  com- 
pared  with  the  first  portions  of  blood,  showing  that  male  substances  are  regularly 
formed  in  vitro.  When  both  testicles  of  the  same  animal  were  perfused  for  1^  or 
2^  hours  respectively,  the  perfusion  blood  after  the  long  perfusion  contained  twice 
as  much  comb  growth  promoting  substance  as  the  blood  from  the  short  perfusion. 
From  this  experiment  we  may  also  conclude  that  the  formation  of  comb  growth 
promoting  substances  is  a  regular  process  and  is  directly  related  to  the  time 
of  perfusion. 

After  perfusion  of  a  testicle  with  Ringer's  solution  hardly  any  comb  growth 
promoting  substances  were  found,  while  normal  amounts  were  found  in  the  perfusion 
blood  from  the  control  testicle.  A  lack  of  supply  of  oxygen  during  the  perfusion  with 
Ringer’s  solution  may  explain  the  small  amount  of  male  hormone,  formed  in  these 
experiments.  Small  amounts  of  male  hormone  were  also  found  after  perfusion  of  bulls' 
testicles  with  Tyrode's  solution  although  the  amounts  were  larger  than  with  Ringer’s 
solution.  Tyrode's  solution  contains  glucose,  magnesium  and  phosphorus  compared 
with  Ringer’s  solution.  This  glucose  may  have  a  favorable  effect  on  the  formation  of 
comb  growth  promoting  substances;  the  insufficient  supply  with  oxygen  may  be 
the  cause  of  the  low  amount. 

The  nature  of  the  comb  growth  promoting  substances  in  the  perfusion  blood 
was  next  examined.  Besides  using  the  capon  comb  test,  the  extracts  of  normal  per' 
fusion  blood  were  examined  by  the  seminal  vesicle  test  in  castrated  rats.  The  extract 
of  normal  perfusion  blood  from  several  experiments,  containing  a  known  amount 
of  male  hormone,  was  administered  subcutaneously  together  with  X-substance  to 
castrated  rats.  The  X'substance  was  obtained  in  our  laboratory  from  testicles  as 
described  by  Freud,  Dingemanse  and  Polak  (18,  19,  20).  Substances  with  an  OH' 
group  in  position  17  of  the  steroid  ring  system  combined  with  X'Substance  give 
enlarged  seminal  vesicles  in  castrated  rats,  compared  with  animals  which  receive 
the  extract  without  X'substance.  An  amount  of  extract  containing  i  u  of  comb 
growth  promoting  substance  was  given  daily.  The  extract  combined  with  X'sub' 
stance  gave  enlarged  seminal  vesicles  compared  with  the  animals  which  received  the 
extract  without  X'substance  or  the  control  animals  receiving  407  of  testosterone 
daily.  From  these  experiments  it  may  be  concluded  that  the  comb  growth  promoting 
substances  in  the  perfusion  blood  consist  partially  of  a  substance  with  an  OH'group 
in  position  17  of  the  steroid  ring  system,  thus  probably  testosterone.  Androstanediol 
also  has  an  OH'group  in  position  17,  the  effect  of  this  substance  is  also  enhanced  by 
the  X'substance.  Nevertheless  it  is  improbable  that  the  perfusion  blood  contains 
androstanediol,  because  3  u  of  androstanediol,  combined  with  X'substance  are 
required  daily  to  enlarge  the  seminal  vesicles  of  castrated  rats,  while  only  i  u  of  testO' 
sterone  is  sufficient. 

Subsequently,  experiments  were  performed  after  adding  different  homologues 
of  testosterone  to  the  perfusion  blood  in  order  to  study  the  formation  of  testosterone 
in  vitro.  Ruzicka  and  Butenandt  are  inclined  to  think  that  a  primary  formation  of 
dehydroandrosterone  from  cholesterol  takes  place  in  the  body.  Besides,  according  to 
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the  opinion  of  Ruzicka  and  Butenandt,  it  is  probable  that  the  formation  of  testo- 
sterone  from  dehydroandrosterone  takes  place  via  androstenediol  or  androstenedione, 
respectively,  as  a  consequence  of  partial  oxidation  and  reduction.  There  is  also  the 
possibility  that  testosterone  may  be  formed  directly  from  dehydroandrosterone. 

Mamoli  and  Vercellone  (21,  22)  have  succeeded  in  reducing  dehydroandrosterone 
to  androstenediol  by  using  yeast  in  their  experiments.  Oppenauer  (23)  was  able  to 


Table  1.  Perfusion  of  testicles  with  successive  portions  of  blood 


obtain  testosterone  directly  from  dehydroandrosterone  by  dismutation  with  alumin' 
ium  alcoholates. 

A  number  of  testicle  perfusions  were  performed  after  adding  dehydro' 
androsterone,  androstenedione  or  androstenediol  to  the  perfusion  blood.  For  control 
purposes  testosterone  and  androsterone  were  added  to  the  perfusion  blood  in  some 
experiments. 

In  the  first  case  testosterone  was  recovered  quantitatively.  The  perfused  testicle 
contained  more  comb  growth  promoting  substance  than  the  control  organ,  while 
less  than  the  added  substance  was  recovered  in  the  perfusion  blood.  Thus  the 
testicle  seemed  capable  of  retaining  part  of  the  surplus  testosterone  of  the  perfusion 
blood.  After  adding  androsterone  to  the  perfusion  blood,  this  substance  is  nearly 
completely  recovered  in  the  perfusion  blood  after  the  experiment  while  the  perfused 
organ  shows  an  increased  amount.  In  some  preliminary  experiments  mixtures  of 
dehydroandrosterone  and  testosterone  in  benzene  solution  or  added  to  certain  quan^ 
tities  of  blood  were  quantitatively  recovered;  no  increased  biological  activity  could 
be  demonstrated  after  extraction  of  these  mixtures. 

After  adding  dehydroandrosterone  to  the  perfusion  blood  of  the  testicles  (15  or 
27.5  mg.),  greatly  increased  amounts  of  comb  growth  promoting  substances  were 
found  in  the  blood  and  the  perfused  organ;  after  the  experiment  a  noticeable  surplus 
was  present  compared  with  the  amount  of  dehydroandrosterone  added.  This  surplus 
was  present  in  all  the  experiments  and  indicates  that  the  results  lie  outside  the  limits 
of  the  probable  error  of  a  biological  assay.  After  adding  larger  amounts  of  dehydro' 
androsterone  to  the  perfusion  blood  still  more  comb  growth  promoting  substances 
were  found;  the  amount  of  the  surplus  was  related  to  the  quantities  of  dehydro- 
androsterone  added.  This  surplus  of  comb  growth  promoting  substances  may  be 
explained  by  the  conversion  of  dehydroandrosterone  by  the  testicle  into  substances 
with  a  stronger  comb  growth  promoting  effect.  Dehydroandrosterone  (unit  ca. 
^757)  for  instance  may  be  transformed  into  androstenedione  (unit — 130  7);  this 
would  correspond  with  a  conversion  of  nearly  all  the  dehydroandrosterone.  If 
testosterone  is  formed  (unit  =  15  7),  then  only  8%  of  the  dehydroandrosterone  need 
be  converted  in  order  to  explain  the  surplus.  Adding  various  quantities  of  dehydro- 
androsterone  always  gave  the  same  surplus  (104  to  130%). 
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Adding  androstenedione  or  androstenediol  to  the  perfusion  blood  showed  an 
increased  amount  of  male  hormone  in  the  perfusion  blood  as  well  as  in  the  perfused 
organ.  The  surplus  was  greater  than  in  the  experiments  with  dehydroandrosterone. 
Androstenedione  (unit  =  1307)  for  instance  may  be  transformed  into  testosterone 
(unit  =157);  this  would  correspond  with  a  conversion  of  40%  of  androstenedione. 
Androstenediol  (unit  ca.  4007)  might  be  converted  into  testosterone;  this  would 
correspond  with  a  conversion  of  14%  of  the  androstenediol.  Conversion  into 
androstenedione  is  also  possible. 

In  some  experiments  a  gonadotropic  substance  from  pregnancy  urine,  pregnyl, 
was  added  to  the  perfusion  blood  of  testicles  in  order  to  see  if  this  substance  may 


Table  3 


Added  hormone 

Control 

perfu¬ 

sion 

Blood 

after 

p>erfusion 

Control 

testicle 

Testicle 

after 

perfusion 

Surplus 

u 

%  added 
hormone 

mg. 

u 

u 

u 

u 

u 

Testosterone 

I 

66 

10 

55 

<10 

+  45 

±14 

10 

Androsterone 

15 

150 

6 

150 

<8 

75 

61 

41 

Dehydroandrosterone 

15 

55 

30 

>100 

>18 

>75 

>72 

>131 

Dehydroandrosterone 

15 

55 

<Kio 

100 

11 

>50 

>73 

>133 

Dehydroandrosterone 

17-5 

100 

<6 

150 

<10 

>70 

>104 

>104 

Dehydroandrosterone 

17-5 

100 

<8 

165 

<  10 

75 

111 

111 

Androstenedione 

5 

40 

10 

100 

10 

±75 

115 

287 

Androstenedione 

10 

10 

>195 

<12 

>90 

>183 

>229 

Androstenediol 

15 

40 

10 

» 60 

<6 

»6o 

>>64 

»i6o 

Androstenediol 

15 

40 

10 

130 

<6 

±  60 

130 

315 

influence  the  testicle  in  vitro.  The  testicle  was  perfused  with  a  portion  of  normal 
blood  and  afterwards  with  the  same  amount  of  fresh  blood  containing  pregnyl. 
Both  portions  of  perfusion  blood  were  compared.  Pregnyl  showed  no  effect  on  the 
formation  of  male  hormone  in  vitro. 

Besides  male  hormone,  in  some  of  the  experiments  the  estrogens  were  also  assayed 
in  the  perfusion  blood  and  in  the  perfused  testicles;  no  increase  was  found  either 
in  the  perfusion  blood  or  the  perfused  testicles  after  experiments  with  normal  blood 
or  blood  containing  dehydroandrosterone. 

A  few  experiments  were  also  carried  out  with  testicle  pulp  kept  in  an  incubator 
at  37°  C.  and  supplied  with  oxygen.  It  showed  no  increased  amount  of  comb  growth 
promoting  substances  compared  with  the  control  pulp.  Addition  of  saline,  blood  or 
blood  containing  gonadotropic  hormone  from  pregnancy  urine  (pregnyl)  had  no 
effect.  When  dehydroandrosterone  was  added  to  the  testicle  pulp  it  was  not  trans' 
formed  into  a  substance  with  a  stronger  comb  growth  promoting  effect;  also  the 
same  amount  of  dehydroandrosterone  that  was  added  could  be  recovered. 

After  perfusion  of  dogs'  livers  and  cows’  kidneys  with  the  normal  blood  of  these 
animals,  the  perfusion  blood  showed  the  same  amount  of  male  hormone  as  the  con- 
trol  blood.  Perfused  livers  and  kidneys  contained  hardly  any  comb  growth  promoting 
substances.  From  this  we  may  conclude  that  the  formation  of  comb  growth  promoting 
substances  is  a  function  of  the  testicle.  Some  preliminary  experiments  were  carried 
out  with  livers  and  kidneys,  in  which  testosterone  (i  or  5  mg.)  was  added  to  the 
perfusion  blood  to  examine  whether  or  not  these  substances  were  altered.  Zondek 
(24)  described  in  1934  that  pulped  liver  was  able  to  inactivate  added  estrogenic 
substances  and  Israels,  Meranze  and  Johnston  (25)  observed  that  added  estrogenic 
substances  disappeared  after  perfusion  of  the  liver.  I  performed  some  experiments 
after  adding  male  hormone  to  the  perfusion  blood  of  livers  and  kidneys;  only  a  small 
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part  of  the  added  substances  was  recovered  in  the  perfusion  blood  and  perfused 
organs  after  these  experiments.  These  experments  are  of  considerable  importance  in 
connection  with  the  problem  of  where  sex  hormones  are  inactivated  in  the  body. 

Some  experiments  were  performed  with  pulped  livers  and  kidneys  after  adding 
testosterone,  androsterone  or  dehydroandrosterone.  After  adding  the  same  amount 
of  hormone  to  the  control  portions  on  which  extraction  was  performed  immediately 
and  to  portions  kept  in  the  incubator  for  6  to  24  hours,  no  difference  was  found  in 
the  amount  of  male  hormone.  Pulped  livers  and  kidneys  were  not  capable  of  convert' 
ing  added  substances  to  more  active  forms  or  to  inactivate  them.  There  is  a  striking 
resemblance  between  the  experiments  with  pulped  testicles,  livers  and  kidneys; 
in  contrast  with  the  experiments  after  perfusion,  pulp  shows  no  effect  whatever  on 
added  comb  growth  promoting  substances.  Perhaps  unknown  factors  in  the  technic 
of  the  experiments  with  pulped  organs  are  responsible  for  the  negative  results; 
these  experiments  will  be  continued. 


SUMMARY 

Surviving  testicles,  when  perfused  with  blood,  produce  comb  growth  promoting 
substances.  These  substances  are  produced  gradually  during  the  perfusion.  Probably 
testosterone  is  formed.  After  adding  homologues  of  testosterone  (dehydroandroster^ 
one,  androstenedione  or  androstenediol)  to  the  perfusion  blood,  a  surplus  of  comb 
growth  promoting  substances  is  present  in  the  perfusion  blood  and  the  perfused 
organ  after  the  experiment.  This  may  be  explained  by  the  conversion  of  the  added 
substances  by  the  testicle  into  substances  with  a  stronger  comb  growth  potency. 
Gonadotropic  substance  from  pregnancy  urine  shows  no  effect  on  the  formation  of 
male  hormone  in  vitro.  No  increase  in  estrogenic  substances  is  found  in  the  perfusion 
blood  or  the  perfused  testicles.  Testicle  pulp  kept  in  an  incubator  shows  no  increased 
amount  of  male  hormone  and  is  not  able  to  transform  dehydroandrosterone  into  a 
substance  with  a  stronger  comb  growth  promoting  effect.  When  dogs’  livers  and 
cows'  kidneys  are  perfused  with  blood  containing  male  hormone,  only  a  small  part 
of  the  added  substance  is  recovered  in  the  perfusion  blood  and  the  perfused  organs. 
Pulped  livers  and  kidneys  show  no  influence  on  added  male  hormone. 
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A  SPECTROPHOTOMETRIC  STUDY  OF  THE  OESTING 
COLORIMETER  AND  OF  THE  COLORS  DEVELOPED 
WITH  CRYSTALLINE  ANDROSTERONE  AND  URINARY 
KETOSTEROIDS  BY  THE  OESTING  MODIFICATION  OF 
THE  ZIMMERMANN  REACTION'.^ 

HARRY  B.  FRIEDGOOD  and  HELEN  L.  WHIDDEN 
From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital  and  the  Department 
of  Medicine,  Harvard  Medical  School 

BOSTON,  MASSACHUSETTS 

The  chemical  method  of  determining  crystalline  and  urinary  androgens®  and 
related  ketO'Sterols  is  based  on  a  nonspecific  reaction  between  the  —  CH2CO 
group  of  these  substances  and  m'dinitrobenzene  in  an  alkaline  alcoholic  solu' 
tion.  The  shade  and  intensity  of  the  characteristic  colors  resulting  from  the  reaction 
of  these  substances  depend  on  a  number  of  variables.  The  most  important  of  these 
are  the  temperature  and  duration  of  the  reaction,  alkalinity  of  the  solution,  relative 
amounts  of  the  reactants,  concentration  of  alcohol  and  of  m'dinitrobenzene,  and  the 
intensity  of  light  to  which  the  reaction'mixture  is  exposed.  Beer’s  law  is  applicable 
within  certain  limits  of  androgen  concentration. 

Zimmermann  (1)  was  the  first  to  propose  this  reaction  as  the  basis  of  a  colorimet' 
ric  method  for  the  quantitative  determination  of  ketonic  sterols.  He  (2)  later  adapted 
his  procedure  to  the  Pulfrich  photometer  and  studied  the  colors  produced  by  crystal' 
line  androsterone  and  testosterone  as  well  as  by  the  urinary  androgens.  Wu  and 
Chou  (3)  altered  the  original  method  for  use  in  the  ordinary  colorimeter.  They  com- 
pared  the  colors  produced  by  urinary  androgens  with  a  standard  of  methyl  red  and 
cotton  black  in  an  acid  solution  and  used  androsterone  as  a  reference  substance. 
Oesting  (4)  and  Oesting  and  Webster  (5)  modified  the  original  Zimmermann  procedure 
for  the  assay  of  urinary  androgens  in  a  colorimeter  adapted  to  their  method.  They 
calibrated  the  instrument  by  means  of  urinary  androgens  biologically  assayed  by  the 
comb'inunction  technic  of  capon  assay  and  reported  a  correbtion  between  the  re' 
suits  of  chemical  and  biological  assays,  although  they  did  not  apply  statistical  meth' 
ods  to  their  data.  Callow,  Callow  and  Emmens  (6)  later  adapted  the  Wu  and  Chou 
modification  to  the  Spekker  photoelectric  absorptiometer  and  made  a  comprehensive 
study  of  crystalline  androgenic  and  nonandrogenic  ketonic  sterols  and  similar  com' 
pounds  in  urinary  extracts.  They  observed  a  statistically  significant  correlation  be' 
tween  the  results  of  biological  and  chemical  assay. 

‘  Aided  by  a  grant  from  the  Milton  Fund  of  Harvard  University. 

*  We  are  deeply  indebted  to  Dr.  S.  Q.  Duntjey  of  the  Massachusetts  Institute  of  Technology  for 
his  cooperation  in  the  making  and  interpretion  of  the  spectrophotometric  curves  included  in  this  paper. 
We  wish  to  express  our  appreciation  to  Miss  Jane  Worcester,  Department  of  Vital  Statistics,  School  of 
Public  Health,  Harvard  University,  for  her  suggestions  with  reference  to  the  handling  of  the  statistical 
material.  We  take  pleasure  also  in  thanking  Dr.  Ernst  Oppenheimer,  Ciba  Pharmaceutical  Products,  Inc., 
and  Dr.  Erwin  Schwenk,  Schering  Corporation,  for  the  crystalline  androsterone  and  dehydroisoandro' 
sterone  used  in  these  experiments. 

’  The  term  “urinary  androgens”  is  used  (in  this  and  the  two  succeeding  papers)  as  a  convenient 
form  of  reference  to  the  ketosteroid  content  of  urine  extracts.  Some  of  these  ketosteroids  are  biologically 
active;  others  are  not. 
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The  Oesting  colorimeter.  Our  own  study  of  the  chemical  assay  of  androgenic  sub' 
stances  was  begun  in  1937  with  the  Oesting  colorimeter.  This  instrument  consists 
of  two  glass  tubes  enclosed  in  a  metal  housing  which  is  placed  above  a  white  mirror 
reflecting  light  through  the  tubes  into  an  eyepiece  with  a  divided  field.  One  of  the 
tubes  is  for  the  blank  solution  containing  reagents  only;  the  other  is  for  the  sample 
solutions  to  be  tested  for  their  androgen  content.  Directly  over  these  tubes,  and 
separated  from  them  by  a  built dn  yellow  glass  filter,  is  an  8.5  cm.  rotating  disc.  This 
disc  contains  a  central  filter  surrounded  peripherally  by  9  standard  colored  glass 
discs,  each  of  which  is  1.3  cm.  in  diameter.  The  construction  of  the  instrument  is  such 
that  the  built dn  filter  extends  across  the  openings  of  both  tubes  and  the  rotating 
disc's  central  filter  is  superimposed  only  on  that  portion  of  the  yellow  filter  which 
separates  it  from  the  tube  containing  the  sample  solution.  Rotating  the  large  disc 
causes  one  of  the  small  colored  discs  to  fall  in  place  over  that  portion  of  the  yellow 
built dn  filter  which  separates  the  discs  from  the  tube  containing  the  blank  solution. 
In  practice,  colorimetric  assays  in  the  Oesting  colorimeter  are  made  by  a  comparison 
of  two  combinations  of  colors,  each  of  which  occupies  one-half  of  the  divided  field  of 
the  eyepiece.  The  resultant  color  of  one-half  of  the  divided  field  depends  on  the 
composite  effect  of  the  blank  solution,  built-in  filter  and  any  of  the  peripheral  colored 
discs  (Combination  I) ;  in  the  other  half  of  the  divided  field,  the  resultant  color  de¬ 
pends  on  the  composite  effect  of  the  androgen-containing  colored  sample,  the  central 
filter  of  the  rotating  disc  and  the  built-in  filter  (Combination  II). 

The  standard  discs  are  labelled  in  terms  of  color  units  which  have  no  common 
increment  (0.2,  0.4,  0.8,  1.4,  2.0,  2.8,  3.4,  4.0,  5.0).  The  first  disc  is  greenish,  the 
second  is  yellowish  and  the  remaining  7  are  shades  of  light  orange  to  pinkish  red. 
These  are  the  standard  discs  manufactured  by  Hellige,  Inc.,  for  the  routine  colori¬ 
metric  determination  of  nitrite  nitrogen  and  were  adapted  to  their  new  use  by 
Oesting  with  the  aid  of  the  aforementioned  special  filters.  Oesting  (4)  reported  that 
the  colors  of  the  discs  (modified  by  the  filters)  correspond  to  those  developed  with 
different  concentrations  of  urinary  androgens  by  his  modification  of  the  Zimmermann 
reaction.  Oesting  does  not  describe  the  colors  which  are  developed  with  urinary  ex¬ 
tracts  by  his  technic,  but  judging  from  the  discs  of  the  colorimeter,  as  modified  by 
the  built-in  filter,  they  should  vary  from  a  yellow  through  a  light  orange  to  a  pinkish 
red  as  the  androgen-content  of  the  solution  increases. 

Oesting  evaluated  the  discs  in  terms  of  crystalline  androsterone  by  making  one 
color  unit  equal  to  the  androsterone-equivalent  of  one  capon  unit  (10  +  2  micrograms 
androsterone).  He  did  this  before  he  had  assayed  crystalline  androsterone  chemically 
or  determined  precisely  whether  the  colors  produced  by  crystalline  androsterone  and 
dehydroisoandrosterone,  ketonic  androgens  normally  found  in  urine,  were  qualita¬ 
tively  and  quantitatively  similar  to  those  of  urinary  extracts.  Because  of  these  impor¬ 
tant  omissions  it  seemed  to  us  essential  to  calibrate  Oesting’s  colorimeter  by  his  tech¬ 
nic  with  these  two  crystalline  androgens. 

Oesting  modification  of  the  Zimmermann  reaction  applied  to  the  assay  of  crystalline 
androgens.  Various  aliquots  of  solutions  containing  known  amounts  of  crystalline 
androsterone  and  dehydroisoandrosterone  in  60%  ethyl  alcohol  were  treated  accord¬ 
ing  to  the  method  described  by  Oesting  (4).  To  5  cc.  of  the  alcoholic  hormone  solu¬ 
tion  or  a  smaller  amount  diluted  to  5  cc.  with  60%  ethyl  alcohol,  was  added  i  cc.  of 
2%  m-dinitrobenzene  in  95%  ethyl  alcohol,  and  i  cc.  of  15%  aqueous  KOH.  A 
blank  of  the  alcohol  and  reagents  was  prepared  at  the  same  time  and  the  reaction- 
mixtures  were  allowed  to  stand  i  ^  hours.  Our  only  change  in  the  details  specified 
by  Oesting  was  to  keep  the  reaction  mixture  at  25°  C.  instead  of  an  indefinite  “room 
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temperature”  during  the  reaction  time.  A  study  of  the  papers  by  Zimmermann  (i,  2) 
and  Wu  and  Chou  (3)  indicated  that  this  was  essential,  and  preliminary  observations 
of  our  own  supported  their  contention. 

On  using  the  Oesting  procedure,  we  found  that  a  slight  yellow'tan  color  de' 
veloped  in  the  blank  solution  after  it  had  stood  the  specified  i  ^  hours.  This  color 
was  predominant  also  in  sample  solutions,  the  androsterone  content  of  which  was 
less  than  1507  and  not  sufficient  to  give  a  decided  orange  to  pink  color  with  the 
quantities  of  reagents  used.  All  such  sample  solutions  gave  colors  similar  to  the  0.2 
to  0.8  color  unit  discs  which  have  a  decided  yellow 'tan  cast  (table  i).  The  value  of  a 
color  unit  in  this  range  was  highly  variable,  ranging  from  18  to  1247  of  androsterone. 
The  orange  to  pinkish  red  colors  developed  from  solutions  containing  from  150  to 
5007  of  androsterone  fell  into  the  range  represented  by  the  discs  marked  1.4  to  5.0 
color  units.  In  these  solutions  a  color  unit  was  found  to  have  a  value  varying  from  88 
to  1147  of  crystalline  androsterone  (table  i).  Most  of  the  colors  of  these  solutions  did 
not  exactly  match  the  discs  of  the  colorimeter;  a  large  percentage  of  the  values  in 
table  I,  therefore,  are  of  necessity  an  estimate  of  a  color  half  way  between  two  ad- 
jacent  discs.  Even  when  an  attempt  was  made  in  subsequent  experiments  to  match 
these  discs  precisely,  a  similar  difficulty  was  encountered. 

More  color  was  developed  per  unit  of  weight  from  crystalline  dehydroisoandro' 
sterone  than  from  androsterone  during  the  reaction  time  of  hours  (table  2).  The 
colors  developed  with  14  to  697  dehydroisoandrosterone  fell  in  the  0.2  to  0.6  color 
unit  range  in  which  the  value  of  a  color  unit  varied  widely  from  69  to  1387.  Solutions 
containing  between  105  and  3447  dehydroisoandrosterone  produced  colors  within 
the  range  of  the  1.4  to  5.0  color  unit  discs.  One  color  unit  had  a  value  varying  from 
68  to  867  dehydroisoandrosterone  in  this  range.  As  in  the  case  of  androsterone,  the 
value  of  a  color  unit  is  relatively  more  constant  in  the  upper  range  than  in  the  lower 
one. 

Our  findings  showed  that  the  value  of  a  color  unit  in  terms  of  the  crystalline 
androgens  was  considerably  different  from  that  which  Oesting  had  intimated  After 
we  had  been  confronted  with  this  discrepancy  (1937),  Oesting  (7)  reported  data  on 
the  chemical  assay  of  the  crystalline  substances.  On  the  basis  of  lo  determinations  he 
stated  that  a  color  unit  had  an  average  value  of  907  of  androsterone  (variation  from  78 
to  1007  per  color  unit).  From  8  determinations  made  with  dehydroisoandrosterone  he 
concluded  that  this  androgen  had  the  same  average  value  per  color  unit  (range  of  80 
to  1057  per  color  unit).  His  observations  do  not  include  an  account  of  the  discs  which 
were  used  in  these  assays.  Our  data  (tables  i  and  2)  indicate  that  this  is  an  impor' 
tant  factor.  Although  our  results  with  androsterone  are  similar  to  those  of  Oesting, 
the  data  on  dehydroisoandrosterone  are  not  in  accord  with  his  findings. 

We  concluded  from  these  studies  that  the  Oesting  modification  of  the  Zim' 
mermann  reaction  as  applied  to  crystalline  androgens  has  several  undesirable  features 
as  follows. 

The  predominance  of  a  brownish  color  in  the  blank  solution  and  in  sample  solutions 
containing  less  than  1507  of  androsterone. 

The  difficulty  of  obtaining  precise  color  matches  between  the  two  halves  of  the  divided 
field.  The  closest  one  could  come  to  such  a  color  match  was  only  an  approximation,  be- 
cause  in  most  instances,  even  when  an  attempt  was  made  to  get  a  close  match,  the  colors 
of  the  sample  solutions  fell  somewhere  between  the  colors  of  the  adjoining  discs. 

The  relatively  greater  inconsistencies  in  the  results  obtained  with  the  use  of  the  discs 
in  the  lower  range  of  the  colorimeter  (0.2  to  0.8  color  units)  as  compared  with  those  in  the 
upper  range  (1.4  to  5.0  color  units). 

The  relative  insensitivity  of  the  method.  Significant  changes  in  the  amount  of  andro- 
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sterone  or  dehydroisoandrosterone  do  not  visibly  affect  the  depth  of  orange-pink  color 
which  develops.  This  accounts  in  part  for  the  wide  variation  in  the  androsterone  equiva¬ 
lent  or  dehydroisoandrosterone  equivalent  of  a  color  unit  (tables  i  and  a). 

The  unsatisfactory  results  which  were  obtained  in  these  experiments  led  us  to 
make  spectrophotometric  analyses  of  the  colored  discs  of  this  colorimeter  and  to  com¬ 
pare  them  with  similar  analyses  of  the  colored  compounds  formed  with  crystalline 
androsterone  and  urinary  androgens  by  the  Oesting  modification  of  the  Zimmermann 
reaction. 

Siuantitative  studies  of  colors  involved  in  the  Oesting  modification  of  the  Zimmer' 
mann  reaction.  A  conscious  effort  was  made  to  adjust  the  concentration  of  crystalline 

Table  i.  Quantitative  determination  op  crystalline  androsterone  by  the 
Oesting  modification  of  the  Zimmermann  reaction 


Androsterone 
in  solution 

Depth  of  color 
developed 

Androsterone 

Androsterone 
in  solution 

Depth  of  color 
developed 

Androsterone 

7 

color  units 

y/ color  unit 

7 

color  units 

yj color  unit 

4-9 

0.2 

24.50 

190.0 

1-7 

111.76 

7-» 

0.4 

18.00 

209.0 

2.0 

104.50 

8.5 

0.4 

21.25; 

219.0 

2.0 

109.50 

9.9 

0.4 

14-75 

228.0 

2.0 

114.00 

14.4 

0.4 

36.00 

147-0 

2.8 

88.21 

16.0 

0.4 

40.00 

157-0 

2.8 

91.78 

18.4 

0.4 

46.00 

266.0 

2.8 

95.00 

21.6 

0.4 

54-00 

285.0 

3-1 

91-93 

28.8 

0.4 

72.00 

304-0 

3-1 

98.06 

34-4 

0.6 

57-33 

313-0 

3-1 

104.19 

40.8 

0.6 

68.00 

341-0 

3-1 

110.32 

4J-3 

0.8 

54-13 

350-0 

3-4 

102.94 

50.3 

0.8 

62.88 

361.0 

3-7 

97.56 

59-3 

0.8 

74-13 

380.0 

3-7 

102.71 

59-3 

J  66.0 

0.8 

74-13 

418.0 

3-7 

111-97 

0.8 

82.50 

437-0 

4-0 

109.25 

1  79-1 

0.8 

98.88 

456-0 

4-5 

101.33 

■  79- 1 

0.8 

98.88 

494-0 

4-5 

109.77 

989 

0.8 

113-6J 

500.0 

5-0 

100.00 

989 

0.8 

113-63 

510.0 

5-0 

102.00 

138.4 

1. 1 

125.81 

531-0 

>5-0 

138.4 

I .  I 

125.81 

570-0 

>5-0 

;  152.0 

1-4 

108.57 

608.0 

>5-0 

Table 

2.  Quantitative  determination  of  crystalline  dehydroisandrosterone  by 

THE  Oesting  modification  of  the  Zimmermann  reaction 

Dehydroiso' 

Depth  of  color 

Dehydroiso- 

Dehydroiso¬ 
androsterone 
in  solution 

Depth  of  color 

Dehydroiso- 

in  solution 

developed 

androsterone 

developed 

androsterone 

7 

color  units 

y (color  unit 

7 

color  units 

y (color  unit 

13-8 

0.2 

69.00 

131-9 

1-7 

77-58 

19-3 

0.2 

96.50 

137-6 

1-7 

80.92 

24.8 

0.2 

124.00 

145.1 

1-7 

85.35 

30.3 

0.3 

101.00 

171-5 

1-4 

71.46 

41-3 

0.3 

137-66 

211.0 

3-1 

68.06 

51-3 

0.4 

130.75 

224.2 

3-1 

71-31 

68.8 

0.6 

114.67 

250.6 

3-1 

80.84 

80. 1 

i.i 

72.81 

316.6 

3-7 

85-57 

9i-3 

I .  I 

83.91 

343-9 

4-5 

76-41 

105.5 

1-4 

75-36 

395-7 

>5-0 

118.7 

1-4 

84.79 

517-6 

>5.0 
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androsterone  and  of  the  urinary  androgens  so  as  to  produce  the  closest  possible  match 
in  color  between  the  Oesting  solutions  and  the  discs  of  the  colorimeter.  The  determi^ 
nations  were  made  on  the  Hardy  recording  spectrophotometer  (8)  by  transferring  to 
it  the  optical  system  of  the  Oesting  colorimeter  in  its  entirety.  The  measuring  beam 
of  the  spectrophotometer  was  passed  simultaneously  through  the  built'in  filter,  one 
of  the  small  peripheral  colored  discs  of  the  larger  rotating  disc  and  a  9  cm.  cell  con' 
taining  the  blank  solution  (Combination  I).  One  after  another  of  the  9  peripheral 
colored  discs  was  used  to  complete  the  series  in  Combination  I.  The  measuring  beam 
was  similarly  passed  through  the  built-in  filter,  the  central  filter  of  the  rotating  disc 
and  a  9  cm.  cell  containing  the  sample  solution  to  be  assayed  for  its  androgen  content 
(Combination  II).  The  measuring  beam  was  then  reflected  from  the  white  mirror  of 
the  Oesting  colorimeter  before  it  reached  the  photoelectric  cell  which  is  located  be¬ 
neath  the  integrating  sphere  of  the  Hardy  instrument.  The  spectrophotometric 
curves  in  figure  i  were  obtained  in  this  manner  and  represent  the  spectral  transmis¬ 
sion  of  Combinations  I  and  II  in  the  colorimeter. 


Fig.  1.  Spectrophotometric  curves  made  with  the  Hardy  recording  spectrophotometer  op  the 
3.4  DISC  (including  the  optical  system  op  the  Oesting  colorimeter)  (a),  of  the  colored  solution 

PREPARED  BY  OeSTINg's  TECHNIC  FROM  CRYSTALLINE  ANDROSTERONE  TO  MATCH  THIS  DISC  (b),  AND  OF  THE 
COLORED  SOLUTION  SIMILARLY  PREPARED  FROM  URINARY  ANDROGENS  TO  MATCH  THE  SAME  DISC  (c). 

It  is  obvious  from  an  examination  of  figure  i  that  the  two  halves  of  the  divided 
field  of  the  colorimeter  are  spectrophotometrically  different,  although  an  effort  had 
been  made  to  obtain  the  closest  subjective  match  in  color  between  the  two.  In  order 
to  ascertain  whether  the  eye  of  a  normal  observer  would  consider  these  fields  to  be  a 
color  match,  it  was  necessary  to  combine  these  spectrophotometric  data  with  the 
energy  distribution  of  the  light  source  and  the  color  mixture  data  on  the  human  eye. 
Fortunately  these  additional  data  were  standardized  by  the  International  Commission 
on  Illumination  (I.  C.  I.)  in  1931. 

By  means  of  well  established  procedures  (9)  the  psychophysical  specification  of 
the  color  stimulus  was  computed  for  I.  C.  I.  Illuminant  C  (corresponding  to  average 
day  light)  and  the  I.  C.  I.  standard  observer.  These  calculations  have  been  plotted 
on  the  I.  C.  I.  chromaticity  diagram  (reduced  figure  in  upper  right  hand  corner  of 
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figure  2).  The  position  of  a  point  on  this  diagram  is  a  description  of  the  quality 
of  a  color  stimulus.  The  quantity  of  this  stimulus  (usually  termed  relative  brightness 
or  lightness)  must  be  independently  specified.  Two  color  stimuli  present  an  indis' 
tinguishable  match  when  they  are  represented  by  the  same  point  on  the  chromaticity 
diagram  and  have  identical  values  of  relative  brightness.  The  experimental  error  in 
the  determination  of  relative  brightness  is  approximately  ±0.05  %;  and  the  un^ 
certainty  in  position  of  the  points  in  the  chromaticity  diagram  is  less  than  +0.001 
with  reference  to  the  ordinate  (y)  and  the  abscissa  (x). 


Values  of  X 

Fig.  2.  This  represents  an  enlargement  of  that  section  of  the  chromaticity  diagram  which 
FALLS  NEAR  THE  SPECTRUM  LOCUS  BETWEEN  580  AND  600  iD/i.  The  letters  A  thfough  1  are  symbols  for  the 
discs  of  Oesting's  colorimeter  which  range  from  0.2  to  5.0  color  units.  The  following  table  indicates  the 
brightness  value  in  percentage  of  each  of  the  colors  of  the  discs,  solutions  of  crystalline  androsterone 
and  urinary  androgens. 


Symbols 

Color  units 

Discs, 

brightness,  % 

Crystalline 
Androsterone, 
brightness,  % 

Urinary 
Androgens, 
brightness,  % 

A 

0.2 

18.54 

15.58 

B 

0.4 

15.42 

17.26 

C  1 

0.8 

14OJ 

iJ<54 

D 

1-4 

12.98 

9-49 

E 

2.0 

12.86 

714 

F 

2.8 

10.91 

6.J6 

356 

G 

J-4 

10.45 

4-37 

2.94 

H 

4.0 

8.28 

3-39 

2.97 

1 

y.o 

6.72 

2.80 

Each  point  on  the  chromaticity  diagram  is  enclosed  in  a  square,  circle  or  triangle.  Those  in  the  squares 
refer  to  the  discs,  those  in  the  circles  refer  to  the  solution  of  crystalline  androsterone  and  those  in  the 
triangles  refer  to  the  results  obtained  with  urinary  extracts. 
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Figure  2  is  an  enlargement  of  that  section  of  the  chromaticity  diagram  which 
falls  near  the  spectrum  locus  between  580  and  600  mfi.  In  it  is  represented  a  compari' 
son  between  the  color  stimuli  produced  by  Combination  I  with  those  produced  by 
Combination  II  when  the  known  or  calculated  concentrations  of  androgen  have  been 
adjusted  to  result  in  the  closest  possible  subjective  match  between  the  two.  The 
colored  solutions  of  these  androgens  have  been  prepared  by  Oesting’s  modification 
of  the  Zimmermann  reaction.  The  results  speak  for  themselves.  With  few  exceptions, 
the  attempts  at  color  matches  are  failures.  Since  it  is  essential  to  get  a  proper  bright' 
ness  match  as  well  as  a  color  match,  it  is  important  to  note  that  large  discrepancies  in 
brightness  occur  simultaneously  with  differences  in  chromaticity,  as  if  the  eye  were 
attempting  to  compensate  for  one  difference  by  another. 

It  is  clear,  therefore,  that  this  study  of  the  light'transmitting  qualities  of  the 
colored  discs  and  sample  solutions,  as  modified  by  the  filters,  substantiates  com- 
pletely  our  previous  conclusion  with  reference  to  the  quantitative  assay  of  crystal' 
line  androgens  by  the  Oesting  modification  of  the  Zimmermann  reaction,  viz.,  the 
results  obtained  with  this  method  are  not  sufficiently  accurate  to  warrant  its  use  for 
this  purpose. 

SUMMARY 

The  Oesting  modification  of  the  Zimmermann  reaction  has  been  applied  to  the 
assay  of  crystalline  androsterone  and  dehydroisoandrosterone  in  the  Oesting  colorim' 
eter  (tables  i  and  2).  The  method  was  found  to  be  relatively  insensitive  in  that 
significant  changes  in  the  amount  of  crystalline  hormone  did  not  appreciably  affect 
the  depth  of  orange'pink  color  which  develops  in  the  reaction  mixture;  and  precise 
color  matches  could  not  be  obtained  between  the  two  halves  of  the  divided  field 
in  the  colorimeter  eyepiece  even  when  a  specific  attempt  was  made  to  obtain  such  a 
match.  Spectrophotometric  studies  were  then  made  of  the  optical  system  of  the 
Oesting  colorimeter  and  compared  with  similar  observations  on  the  colors  developed 
with  crystalline  and  urinary  androgens  by  Oesting's  method  (fig.  i).  Certain  dis' 
crepancies  between  the  two  were  discovered,  and  in  order  to  ascertain  whether  they 
could  be  detected  by  the  eye  of  a  normal  observer,  the  spectrophotometric  data  were 
combined  with  other  pertinent  data  according  to  established  procedures  standardized 
by  the  International  Commission  on  Illumination  (1951).  The  results  of  these  compu' 
tations,  plotted  on  the  I.  C.  I.  chromaticity  diagram,  constitute  objective  evidence  of 
the  inaccuracy  of  the  Oesting  method  of  androgen  assay  (fig.  2). 
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VARIABLES  WHICH  AFFECT  COLOR  DEVELOPMENT  IN 
A  MODIFICATION  OF  ZIMMERMANN’S  REACTION 
AND  A  SPECTROPHOTOMETRIC  ANALYSIS  OF  COLORS 
DEVELOPED  WITH  KETOSTEROIDS'-^ 

HARRY  B.  FRIEDGOOD  and  HELEN  L.  WHIDDEN 
From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital  and  the 
Department  of  Medicine,  Harvard  Medical  School 

BOSTON,  MASSACHUSETTS 

During  the  course  of  the  experiments  recorded  in  the  preceding  paper  (i)  it 
became  increasingly  obvious  that  a  number  of  variable  factors  influence  the 
rate  and  intensity  of  color  development  in  the  assay  of  androgens®  by  the 
m-dinitrobenzene  reaction.  These  findings  had  been  noted  previously  by  other  ob' 
servers.  When  we  began  our  observations  in  1937,  Zimmermann  (2,  3)  and  Wu  and 
Chou  (4)  had  already  published  their  data  which  were  incomplete  and  not  entirely 
in  accord.  Callow,  Callow  and  Emmens  (5)  later  reported  a  more  comprehensive 
study  of  these  variables.  Their  publication  served  to  reemphasize  the  importance  of 
the  latter,  but  did  not  contain  sufficiently  detailed  data  on  this  phase  of  the  problem. 
Using  Wu  and  Chou’s  technic  as  a  point  of  departure.  Callow  et  al.  attempted  to  find 
those  conditions  which  give  the  maximum  intensity  of  color  per  unit  weight  of 
androgen.  Zimmermann  had  previously  pointed  out  that  an  attempt  to  obtain  the 
maximum  color  was  not  feasible  because  of  the  strong  OH“  ion  concentration  which 
is  necessary  for  the  intensification  of  the  color.  This  increased  alkalinity  induces  some 
decomposition  of  the  colored  compound  before  its  maximum  concentration  can  be 
reached,  and  so  interferes  with  the  applicability  of  Beer’s  law. 

Because  of  these  somewhat  conflicting  reports  it  was  clear  that  the  m'dinitro' 
benzene  reaction  merited  further  study  prior  to  its  application  to  the  practical  prob- 
lems  of  androgen  assay.  Observations  were  made  of  the  direction  in  which,  and  the 
extent  to  which,  the  change  in  variable  factors  influenced  the  course  of  color  de- 
velopment  with  crystalline  androsterone  in  the  Oesting  (6),  Wu  and  Chou  and  Cab 
low  modifications  of  the  Zimmermann  reaction.  Preliminary  experiments  showed 
that  the  chemical  procedures  of  Zimmermann,  Wu  and  Chou  and  Callow,  Callow 
and  Emmens  could  not  be  used  with  the  Oesting  colorimeter,  because  the  colors 
developed  with  these  technics  are  of  a  strikingly  different  quality  from  the  colors  of 
the  discs  of  this  instrument.  Other  experiments  were  then  devised  on  the  basis  of 
these  findings,  not  only  to  secure  a  proper  color  match  between  the  solutions  and 
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discs,  but  also  to  explore  more  fully  the  effect  of  certain  alterations  in  the  conditions 
under  which  color  development  takes  place.  These  additional  scouting  observations 
are  too  numerous  to  record  in  detail;  the  results  are  included  in  the  data  of  this 
paper. 

On  the  basis  of  numerous  experiments  such  as  these,  in  addition  to  the  results 
obtained  in  a  study  of  the  original  Zimmermann  reaction  and  its  various  modifica' 
tions,  we  worked  out  a  method  of  color  development  which  can  be  used  successfully 
in  the  Oesting  colorimeter. 

Technic  for  color  development.  Aliquot  portions  of  a  solution  containing  an  ac' 
curately  weighed  amount  of  crystalline  androsterone  in  95%  ethyl  alcohol  are  meas¬ 
ured  into  Oesting’s  colorimeter  tubes  using  a  calibrated  i  cc.  pipette  graduated  to 
o.oi  cc.  The  alcohol  is  carefully  evaporated  off  over  a  water  bath  at  70  to  75°C. 
After  cooling  the  tubes  to  room  temperature,  0.15  cc.  of  95%  ethyl  alcohol,  0.2  cc. 
of  15%  aqueous  potassium  hydroxide  and  0.2  cc.  of  2%  m-dinitrobenzene  are  added 
to  each  tube  with  calibrated  i  cc.  pipettes  graduated  to  o.oi  cc.  The  contents  of  the 
tubes  are  then  thoroughly  mixed.  At  the  same  time  a  tube  containing  the  reagents 
and  the  0.15  cc.  of  95%  ethyl  alcohol  is  prepared.  The  tubes  are  capped  and  placed 
in  the  dark  in  a  water  bath  thermostatically  controlled  at  25°C.;  and,  with  occasional 
shaking,  they  are  kept  there  for  i  }4  hours.  Dilution  to  a  total  volume  of  7  cc.  is  then 
made  immediately  with  95%  ethyl  alcohol.  After  being  thoroughly  mixed  the  solu¬ 
tions  are  assayed  at  once  in  the  Oesting  colorimeter  which  is  set  up  with  the  neces¬ 
sary  precautions  to  insure  optimal  lighting  conditions.  The  determinations  are  all 
made  with  reflected  daylight.  This  modification  of  the  Zimmermann  reaction  elimi¬ 
nates  the  brownish  colors  which  are  characteristic  of  solutions  prepared  by  Oesting’s 
technic;  and  the  colors,  which  are  developed,  satisfactorily  match  the  discs  of  the 
Oesting  colorimeter.  Consequently  a  good  subjective  color  match  is  obtained  between 
the  two  halves  of  the  divided  field  in  the  eyepiece  of  the  colorimeter. 

When  observed  in  the  Oesting  colorimeter  the  colors  produced  by  this  technic 
are  stable  for  15  minutes  after  dilution  of  the  reaction  mixture;  but  beyond  that  time 
a  turbidity  develops  in  the  blank  and  sample  solutions.  This  makes  further  compari¬ 
son  with  the  discs  of  the  colorimeter  impossible. 

The  results  with  the  procedure  which  has  been  outlined  are  influenced  markedly 
by  the  purity  of  the  reagents  which  are  used.  The  ideal  blank  solution  should  be  es¬ 
sentially  colorless.  The  presence  of  impurities  in  the  alcohol  and  m-dinitrobenzene  are 
probably  the  chief  sources  of  undersirable  color  in  the  blank  solution.  All  alcohol  is 
tested,  therefore,  with  SchifT s  reagent  for  aldehyde  impurities  since  the  latter  give 
a  yellow  color  with  m-dinitrobenzene.  Alcohol  containing  more  than  a  negUgible 
amount  of  aldehyde  is  discarded.  With  aqueous  potassium  hydroxide  the  impurities 
in  m-dinitrobenzene  form  a  red  compound  which  on  standing  for  i  to  1 hours  at 
25°C.  changes  to  a  tan  or  orange-brown  color  depending  on  the  amount  of  impurities 
present.  When  we  commenced  our  studies,  we  crystallized  m-dinitrobenzene  (m.  p. 
89-89. 5°C.)  once  from  95%  ethyl  alcohol  and  once  or  twice  from  absolute  ethyl 
alcohol.  A  good  crystalline  compound  was  obtained  (m.  p.  90-9i°C.).  Since  then  we 
have  found  that  slightly  more  consistent  results  are  obtained  by  using  the  method 
of  purification  adopted  by  Callow  (5).  We  have  employed  it  routinely,  therefore,  for 
the  recrystallization  of  m-dinitrobenzene.  Fresh  reagents  are  made  up  once  a  week 
and  the  m-dinitrobenzene  is  kept  in  a  brown  bottle  in  a  cool  dark  place.  By  taking 
these  precautions  with  the  reagents  we  have  secured  a  blank  with  only  a  faint  tan 
color. 

This  procedure  for  color  development  was  adopted  tentatively  in  order  to  have 
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some  point  of  departure  from  which  to  study  the  effect  of  altering  one  after  another 
of  the  variables  which  influence  the  course  of  color  development.  The  variables 
which  were  investigated  in  detail  were  the  temperature  of  the  reaction  mixture; 
the  intensity  of  light  to  which  the  reaction  mixture  is  exposed;  the  duration  of  re^ 
action;  the  concentration  of  alcohol  for  androgen  solvent  and  for  dilution  of  reaction 
mixture;  solvent  for,  amount  and  concentration  of,  potassium  hydroxide;  and  the 
solvent  for,  volume  and  concentration  of,  m'dinitrobenzene. 

Variables  Which  Affect  the  Course  of  Color  Development  in  a  Modification 
of  the  Zimmermann  Procedure 

Temperature  of  reaction  mixture.  Observations  with  various  amounts  of  andro' 
sterone  were  made  at  23°,  25°,  26°,  27°  and  30°C.  Within  these  limits  (table  1)  a 
rise  in  temperature  of  the  reaction  mixture  results  in  an  increase  in  the  intensity  of 
the  color  which  develops  per  unit  weight  of  androsterone.  The  depth  of  color  de- 
veloped  from  various  amounts  of  androsterone  at  25°C.  is  significantly  greater  than 
that  formed  at  23°C.  and  can  be  consistently  and  accurately  reproduced.  Above  25°C. 
the  color  which  is  developed  with  more  than  407  androsterone  is  outside  the 
readable  range  of  the  colorimeter.  At  3o°C.  the  blank  develops  considerable  color 
which  is  an  undesirable  feature.  At  this  temperature,  also,  the  test  solutions  con' 
taining  more  than  167  androsterone  are  too  dark  to  read  in  the  colorimeter  and  have 
a  decided  orange-brown  hue.  These  detailed  observations,  which  are  in  accord  with 
those  of  others,  indicate  that  for  our  purposes  25°C.  is  a  satisfactory  temperature 
at  which  to  maintain  the  reaction  mixture. 

Table  i.  The  effect  on  color  development  of  the  temperature  of  the  reaction-mixture 
AND  OF  the  intensity  OF  LIGHT  TO  WHICH  IT  IS  EXPOSED 


Temperature 


Androsterone 

a3"C. 

a5"C. 

a6<>C. 

ay-C. 

30‘’C. 

a> 

b 

c 

c 

b 

c 

c 

b 

y 

I^olor  u 

Color  u 

Color  u 

Color  u 

Color  u 

16.4 

X.l 

i.i 

1.0 

1.0 

x6.5 

i.i 

x.x 

1-4 

1.0 

1.0 

1.0 

»-4 

4-3 

4.0 

16.8 

1.7 

1.7 

a. 4 

1.0 

».4 

13.  1 

1*4 

1-7 

».4 

a-4 

a. 4 

a.8 

a.8 

>?.o 

>5.0 

11. Q 

*.7 

1-7 

a. 4 

a.8 

a. 4 

a.8 

a.8 

>5.0 

>5-0 

14.8 

a. 8 

a. 8 

3.7 

3-7 

aS.g 

3.t 

31 

4-3 

4-3 

JJ.i 

31 

31 

a. 8 

3-4 

3-4 

3-7 

3-7 

3-4 

>5-0 

>5.0 

5J.6 

3-1 

1.8 

3-4 

3.4 

3.7 

4.0 

3-7 

>5-0 

>5.0 

J6.8 

3-7 

3-7 

4-3 

4-3 

40.  J 

3-4 

3-1 

40 

4.0 

4.5 

4.3 

>5.0 

>5.0 

4^.4 

3-4 

3-7 

4.0 

4-5 

>3.0 

>?.0 

44*7 

4-4 

4-5 

>T.0 

>T.0 

Intensity  of  Light 


Androsterone 

Direct  sunlight 

^  Ordinary  daylight  | 

Seroi'darkness  | 

Dark 

»  1 

b  1 

c 

»  1 

b  1 

,  c 

»  1 

b  1 

c 

y 

iS.S  j 

Solutions  and  blanks  are  all 

x-7 

Color  u 

1-4 

1-4 

1.0 

Color  u 
1.0 

S.4 

1.0 

Color  u 
1.0 

1.4 

16.4  1 

amber  cdored.  The  depth  of 

».4 

»-4 

a.8 

a.8 

a. 8 

a.8 

a.8 

a.8 

37-7  ' 

color  is  about  the  same  in  all 

3-4 

3-4 

3-1 

3-7 

3-7 

3-4 

3-7 

3-7 

3-7 

43. » 

solutions. 

4.0 

4.0 

4.5 

4-3 

4-3 

4-0 

4-5 

4.3 

4-3 

■  a,  b  and  c  represent  different  experiments  with  the  same  amount  of  crystalline  androsterone. 


Intensity  of  light  to  which  the  reaction  mixture  is  exposed.  An  investigation  of  the 
effect  of  the  intensity  of  light  on  the  reaction  mixture  (table  i)  showed  that  there 
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is  little  difference  in  the  depth  of  color  development  in  a  given  time  interval  when  the 
reaction  mixture  is  kept  in  semi'darkness  or  complete  darkness.  Ordinary  daylight, 
on  the  other  hand,  causes  the  color  of  the  sample  solution  to  develop  more  slowly, 
although  the  blank  develops  more  brownish  color  than  it  does  in  darkness  or  semi- 
darkness.  Direct  sunlight,  moreover,  induces  the  development  of  an  amber  color  in 
sample  solutions  and  blank  solutions  alike. 

Duration  of  the  reaction.  The  choice  of  i  hours  for  the  length  of  the  reaction 
time  was  based  on  data  such  as  are  included  in  table  2.  The  time  which  elapses  be- 
tween  the  preparation  of  the  reaction  mixture  and  its  dilution  just  prior  to  assay  is 
one  of  the  more  important  of  the  factors  concerned  with  color  development.  A  re' 
action  time  of  90  minutes  permits  slightly  more  color  to  develop  per  unit  weight  of 
androsterone  than  a  reaction  time  of  75  minutes.  However,  these  sample  solutions 
also  develop  a  brownish  hue  by  90  minutes  and  the  blank  has  more  color  than  one 
which  is  diluted  at  75  minutes.  Although  the  maximum  color  is  not  developed  by  the 
reaction  mixture  within  75  minutes,  the  results  are  consistent,  easily  reproducible, 
and  give  good  subjective  color  matches  with  the  colorimeter  discs. 

Table  1.  Effect  on  color  development  of  altering  the  duration  of  reaction-time 

AND  THE  TIME  OF  DILUTION  IN  A  MODIFICATION  OF  ZIMMERMANn's  REACTION* * 


Duration  of  reaction  time 


^  To  0.15  cc.  of  a  QY%  alcoholic  hormone  sdution  add  o.a  cc.  of  a  solution  of  meta'dinitrobenzene  and  o.a  cc.  of  a  15% 

aqueous  sdution  of  KOH. 

a«  b,  c  and  d  represent  different  experiments  with  the  same  amount  of  crystalline  androsterone. 

*  In  Experiment  1  dilution  of  the  reaction  mixture  to  7  cc.  is  made  at  the  beginning  of  the  reaction  time;  in  Experiment  11 
dilution  of  the  reaction  mixture  is  made  at  the  end  of  the  reaction  time  of  one  and  one^hah  hours. 

Amount  and  concentration  of  alcohol  for  androgen  solvent.  The  quantity  0.15  cc. 
of  95%  ethyl  alcohol  was  chosen  as  the  solvent  for  androsterone  (table  3).  More 
intense  colors  per  unit  weight  of  androsterone  develop  with  95%  than  with  60  or 
75%  ethyl  alcohol.  Similarly  the  use  of  0.15  cc.  of  95%  alcohol  results  in  the  de' 
velopment  of  more  intense  colors  per  unit  weight  of  hormone  than  the  use  of  either 
0.2  or  0.25  cc.  A  smaller  volume  of  alcohol  might  induce  an  even  more  intense  color, 
but  0.15  cc.  is  the  minimum  amount  in  which  the  reagents  will  stay  in  solution. 

The  colors  developing  with  absolute  alcohol  are  slightly  deeper  than  those  which 
are  formed  with  an  equal  amount  of  95%  alcohol;  but  the  blank  also  has  more  color. 
This  is  an  undesirable  feature. 
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The  point  in  the  experiment  at  which  dilution  of  the  reaction  mixture  is  made  like¬ 
wise  has  a  marked  influence  on  the  intensity  of  color  which  develops  (table  2).  More 
intense  colors  are  formed  per  unit  weight  of  androgen  with  both  60  and  95% 
alcohol  if  dilution  to  final  volume  is  made  just  prior  to  assay  instead  of  at  the  begin¬ 
ning  of  the  reaction  time  (as  in  Oesting's  technic). 

Concentration  of  alcohol  for  dilution  of  reaction  mixture.  For  reasons  apparent 
in  table  3,  95%  alcohol  was  preferred  to  60%  alcohol  for  dilution  of  the  reaction 
mixture.  * 

Table  j.  The  influence  on  the  color  development  of  the  amount 

AND  CONCENTRATION  OF  ETHYL  ALCOHOL 


For  Solvent  of  Androsterone 


Ethyl  alcohol 


Androsterone 

0.15  cc. 
60% 

0.15  CC. 
75% 

0.15  CC. 
95% 

0.15  cc. 
absolute 

0.2  cc. 
95% 

0.25  cc. 
95% 

5  CC. 
95%* 

5  CC. 
6o%i 

a 

a 

» 

b 

y 

Color  u 

Color  u 

Color  u 

Color  u 

Color  u 

Color  u 

Color  u 

Color  u 

16.6 

1-7 

1.7 

2.0 

1.4 

1.4 

1-4 

iS.S 

1.1 

0.8 

1.4 

1-4 

2.0 

2.0 

2.4 

2.8 

1-4 

1.4 

0.4 

0.6 

0.2 

0.2 

18.9 

l.I 

1.4 

2.0 

2.0 

2.8 

2.8 

2.0 

2.0 

ai.6 

J.7 

1.4 

».4 

1.4 

0.4 

0.4 

0.2 

0.4 

13.7 

1.1 

1-7 

1.4 

».4 

2.0 

2.0 

0.4 

0.4 

0.2 

0.2 

34.0 

2.8 

».4 

0.6 

0.8 

x6.o 

1-7 

2.0 

2.8 

2.8 

1.4 

1.4 

16.4 

2.8 

2.8 

2.4 

2.4 

IJ.i 

3-4 

3-4 

2.8 

2.8 

14-9 

2.8 

2.8 

3.4 

3.4 

0.8 

0.8 

0.6 

0.6 

35-4 

1.4 

1.8 

3-7 

3-7 

3-1 

2.8 

37-7 

i.8 

2.8 

3-4 

3-4 

3.7 

3.7 

4-7 

4.5 

3-1 

3-1 

0.8 

0.8 

0.6 

0.4 

37.9 

4.0 

4.0 

>7.0 

>7.0 

3.t 

3.1 

45-0 

4.5 

4-7 

4.0 

3-7 

45.» 

4-7 

4-7 

3-7 

3-7 

0.8 

0.8 

0.6 

0.6 

47.3 

4-7 

70 

3-7 

3.7 

0.6 

0.6 

49.7 

3-7 

3-7 

4.0 

4-0 

5.0 

>5.0 

4.0 

4-0 

1.1 

1-4 

0.8 

0.6 

For  Dilution  of  Reaction  Mixture 


Ethyl  alcohol 


Androsterone  | 

60%  1 

77%  1 

97%  1 

Absolute 

1  »  1 

1 

*  1 

b  1 

»  1 

»  1 

b 

1  Color  U  1 

Color  U  1 

Color  u  1 

Color  u 

1-7  1 

t.4 

t.7  1 

2.0 

».4  1 

i.4 

3-1  1 

3-1 

1.7 

2.0 

».4 

2.4  1 

3-1 

2.8 

3-4 

3-4 

2.8 

2.8  ! 

2.8 

3-x 

3-4 

3-4 

3-7  1 

4-0 

2.8 

2.8 

3.1 

3t 

3-7 

3-7 

4-5 

4-5 

2.8 

3-1 

3-4 

3.4 

4.0 

3-7 

>7.0 

>5.0 

3-4 

3-4 

4.0 

4-0 

5.0 

>5-0 

>5-0 

>7-0 

>  a  and  b  represent  different  experiments  with  the  same  amount  of  crystalline  androsterone. 

*  Experiment  with  the  Oesting  technic  using  9t%  alcohol  instead  of  6o%. 

*  Oesting  technic. 


The  use  of  absolute  alcohol  resulted  in  a  color  differing  in  quality  from  that  of 
the  colorimeter  discs  and,  in  addition,  a  turbidity  developed  immediately  in  solutions 
in  which  it  was  used.  Sixty  and  75%  alcohol  were  likewise  unsatisfactory,  not  only 
because  they  gave  the  pink  solutions  a  decided  brown  cast,  but  also  because  their 
use  led  to  the  development  of  less  color  per  unit  weight  of  androgen  than  was  ob¬ 
tained  with  a  concentration  of  95%  alcohol.  Even  the  color  developing  in  solutions 
prepared  by  Oesting’s  procedure  can  be  intensified,  as  demonstrated  in  table  3,  by 
the  substitution  of  95%  for  60%  alcohol. 

Solvent  for,  volume  and  concentration  of  m'dinitrobenzene.  Absolute  ethyl  alcohol 
was  used  as  a  solvent  for  m-dinitrobenzene  because  it  causes  complete  solution  of  the 
reagent  more  readily  than  95%  alcohol.  The  concentration  of  m-dinitrobenzene  used 
in  the  reaction  was  found  to  have  a  direct  bearing  upon  the  depth  of  color  develop- 
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merit  (table  4).  It  was  found  that  0.2  cc.  of  a  2%  solution  is  the  optimal  amount 
and  concentration.  A  larger  volume  brought  more  color  to  the  blank  and  was  ob' 
viously  undesirable  for  this  reason. 

Solvent  for,  volume  and  concentration  of  potassium  hydroxide.  The  solvent  used 
for  KOH  and  the  volume  and  concentration  of  this  solution  influence  to  a  marked 
degree  the  rate  and  course  of  color  development  in  the  reaction  mixture  (table  4). 

Aqueous  instead  of  alcoholic  KOH  was  used  because  the  latter  produced  colors 
of  a  different  quality  than  those  of  the  colorimeter  discs. 

Table  4.  The  effect  on  color  development  of  the  volume  and  concentration  of 

AQUEOUS  potassium  HYDROXIDE  AND  M'DINITROBENZENE 


Pocoiiium  hydroxide 


Androsterone 

0.2  CC. 

10% 

0.15  CC. 

15% 

0.2  CC. 

M% 

0.2?  CC. 

15% 

0.2  CC. 

20% 

0.2  CC. 

30% 

i 

*  1 

»  1 

»  1 

J’ 

»  1 

»  1 

b 

7 

1  Color  u  1 

Color  U  I 

Color  u  1 

Color  u  1 

Color  u  1 

Color  u 

16.5 

1 

1-7  1 

1-7 

2.0 

2.0 

1.4 

1-7 

17. g 

2.0 

2.0 

3.1 

3.1 

18.9 

l.l 

0.8  1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

3-1 

3-1 

19.9 

2.0 

2.0 

».4 

*•4 

1-7 

2.0 

21.4 

a. 4 

1.4 

3-4 

3-7 

>?.o 

>5.0 

16.0 

1.7 

1.7 

i.8 

3.1 

1.8 

3.8 

3.8 

3.8 

3-7 

3-7 

16. g 

3.8 

3-1 

>?.0 

>?.o 

28.a 

1.8 

31 

3X 

3-J 

3.8 

33-7 

3-4 

3-7 

5.0 

?.0 

33-3 

a. 4 

».4 

3-7 

3-4 

>?.0 

>5.0 

>?.o 

>y-o 

17.7 

3.7 

3-7 

3-7 

3-7 

3-7 

3-7 

44.8 

3-1 

3-1 

4-3 

4*5 

>3-0 

>?.o 

>5.0 

43. » 

4-3 

4.T 

4-5 

45 

4.3 

3-0 

50.5 

3-4 

3-4 

5.0 

>3.0 

m'dinitrobenzene 


Androsterone  1 

0.2  CC. 

1% 

O.I?  CC. 

a% 

0.2  CC. 
a% 

0.25  cc. 

1  a% 

1  *  1 

b  1 

^  1 

b  1 

a  1 

b  1 

^  1 

b 

t7 

1  Color  u  1 

1  Color  u  1 

Color  u  1 

1  Color  u 

16.4 

2.0 

2.0 

16.5 

1-7 

1-7 

2.0 

2.0 

1-7 

2.0 

ig.g 

1*4 

X.4 

1*7  1 

«.7 

».4 

a. 4  1 

2.0 

2.0 

38.8 

t-4 

1.4 

1.8 

3.8 

3-1 

3.r 

31 

31 

j6.8 

2.0 

2.0 

3-4 

3.4 

3-7 

3.7 

3.4 

3-7 

44.0 

a. 4 

».4 

4.0 

4.0 

4.5 

4-5 

4-3 

4-3 

1  a  and  b  represent  different  experiments  witb  the  same  amount  of  crystalline  androsterone. 


The  use  of  20%  and  30%  KOH  was  precluded  because  of  the  color  which  dc' 
veloped  in  the  blank  solution  and  the  brownish  discoloration  which  appeared  in  the 
sample  solutions.  Another  undesirable  feature  encountered  with  the  use  of  30% 
KOH  was  the  turbidity  which  developed  immediately  after  dilution  of  the  solution. 

Fifteen  per  cent  aqueous  KOH  proved  most  satisfactory  for  our  purposes  as  the 
observations  in  table  4  indicate.  The  results  obtained  with  0.2  cc.  of  15%  aqueous 
KOH  were  more  consistent  and  yielded  slightly  more  color  than  was  obtained  with 
0.15  cc.  The  use  of  0.25  cc.  of  15%  aqueous  KOH  was  unsatisfactory  because  some 
of  the  m-dinitrobenzene  precipitated  out  during  the  reaction  time. 

Quantitative  study  of  colors  developed  by  a  modification  of  the  Zimmermann  re' 
action  for  use  in  Oestings  colorimeter.  Various  concentrations  of  crystalline  andro' 
sterone  in  alcoholic  solution  and  of  alcoholic  extracts  of  urinary  androgens  were  used 
to  obtain  colors  which  gave  good  subjective  matches  with  the  discs  of  the  Oesting 
colorimeter  throughout  its  range.  The  extraction  and  purification  of  these  urinary 
androgens  and  the  method  used  for  their  colorimetric  assay  is  described  in  detail 
in  the  communication  which  follows  (7). 

The  choices  of  concentration  which  were  made  gave  good  subjective  color  matches 
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between  the  discs  and  the  colored  solutions  of  crystalline  and  urinary  androgens.  In 
order  to  eliminate  the  subjective  factor  which  complicates  all  visual  colorimetry, 
both  sets  of  colored  solutions,  the  corresponding  blank  solutions  and  the  optical 
system  of  Oesting’s  colorimeter  were  then  transferred  directly  to  the  Hardy  record' 
ing  spectrophotometer  for  a  spectrophotometric  analysis  identical  with  that  which 
had  been  made  of  similar  material  prepared  by  Oesting’s  technic  (i).  The  psycho' 
physical  specification  of  each  color  stimulus  was  computed  from  these  spectrophoto' 
metric  data  (fig.  1)  for  I.  C.  I.  illuminant  C  and  the  I.  C.  I.  standard  observer  accord' 
ing  to  well  established  methods  standardized  by  the  1931  International  Commission 
on  Illumination  (8).  These  calculations  were  then  plotted  on  the  I.  C.  I.  chromaticity 
diagram  and  compared  with  similar  data  computed  for  each  of  the  discs  which  we 
attempted  to  match  by  appropriately  varying  the  concentration  of  the  crystalline 
and  urinary  androgens  (fig.  2).  With  minor  exceptions  which  are  not  essentially  sig' 
nificant,  the  results  indicate  that  the  colors  and  brightness  of  these  solutions  of 
androgens,  prepared  by  the  present  modification  of  the  Zimmermann  procedure  for 
use  in  Oesting’s  colorimeter,  closely  correspond  to  those  of  each  disc  of  the  instru' 
ment. 

The  relative  accuracy  of  the  color  and  brightness  matches  obtained  in  this  speC' 
trophotometric  study  are  in  striking  contrast  to  the  gross  inaccuracies  of  the  attempt 
at  color  matching  which  resulted,  under  exactly  similar  experimental  conditions, 
when  Oesting’s  method  of  androgen  assay  was  used  (i).  In  view  of  these  considera' 
tions  and  the  continued  appearance  in  the  literature  of  observations  made  with 
Oesting’s  procedure,  it  is  important  to  emphasize  that  the  results  of  such  experi' 
ments  are  liable  to  considerable  inaccuracies  and  probably  indicate  only  major  trends 
in  the  direction  of  the  changes  which  are  reported. 

One  may  conclude  from  these  spectrophotometric  studies  that  the  m'dinitro' 
benzene  reaction  can  be  used  in  conjunction  with  the  Oesting  colorimeter  for  the 
determination  of  crystalline  and  urinary  androgens.  It  should  be  pointed  out,  how' 
ever,  that  this  method  of  assay  is  not  ideal  from  a  chemical  viewpoint.  The  numerous 
factors  which  affect  the  rate  and  intensity  of  color  development  and  the  instability 
of  the  unknown  colored  compound  which  is  formed  are  undesirable  features  of  this 
technic.  It  would  be  highly  desirable  to  replace  the  latter  with  another  chemical 
reaction  which  is  free  of  this  criticism.  For  the  present,  however,  and  until  such  a 
method  is  devised,  the  m'dinitrobenzene  reaction,  which  has  proved  useful  in  praC' 
tice,  is  entirely  adequate  for  the  assay  of  crystalline  and  urinary  androgens. 

SUMMARY 

The  variable  factors  which  affect  the  course  of  color  development  in  Zimmer' 
mann’s  m'dinitrobenzene  reaction  for  androgen  assay  have  been  studied  in  detail. 
These  indude  the  temperature  and  duration  of  the  reaction,  alkalinity  of  the  solu' 
tion,  relative  amounts  of  the  reactants,  concentration  of  alcohol  and  of  m'dinitro' 
benzene,  and  the  intensity  of  light  to  which  the  reaction  mixture  is  exposed  (tables 
(1-4).  A  modification  of  the  Zimmermann  reaction  for  use  in  the  Oesting  colorimeter 
was  devised  on  the  basis  of  these  data.  The  colored  solutions,  which  were  prepared 
from  crystalline  and  urinary  androgens  by  this  modification,  and  the  optical  system 
of  Oesting’s  colorimeter  were  then  subjected  to  spectrophotometric  studies  in  order 
to  eliminate  the  subjective  factor  inherent  in  visual  colorimetry  (fig.  i).  These  ob' 
servations  show  that  the  colors  which  are  developed  in  solutions  of  androgens  by 
the  present  modification  of  the  Zimmermann  procedure  give  good  chromaticity  and 
brightness  matches  with  the  discs  of  the  Oesting  colorimeter  when  a  specific  attempt 
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is  made  to  secure  such  a  match  by  adjusting  the  concentration  of  hormone  in  solu¬ 
tion  (fig.  2). 


440  480  5Z0  560  600  640  680 

Wavelenqth  fyn/x) 

Fig.  I.  Spectrophotometric  curves  made  with  the  Hardy  recording  spectrophotometer  of  the 
3-4  DISC  (including  the  optical  system  op  the  OeSTING  colorimeter)  (a),  OF  THE  COLORED  SOLUTION 
prepared  by  our  technic  from  crystalline  ANDROSTERONE  to  match  this  disc  (b),  AND  OF  THE  COLORED 
SOLUTION  SIMILARLY  PREPARED  FROM  URINARY  ANDROGENS  TO  MATCH  THE  SAME  DISC  (c). 


13  M  45  6 

Volues  otx 


Values  of  X 

Fig.  1.  An  enlargement  of  that  section  op  the  chromaticity  diagram  which  falls  near  the 
SPECTRUM  LOCUS  BETWEEN  780  AND  600  ffi/i.  The  letters  A  through  I  are  symbols  for  the  discs  of  Oesting’s 
colorimeter  which  range  from  o.i  to  5.0  color  units.  The  following  table  indicates  the  brightness  value 
in  percentage  of  each  of  the  colors  of  the  discs,  solutions  of  crystalline  androsterone  and  urinary  androgens. 
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Symbols 

Color  units 

Discs 

Brightness,  % 

Crystalline 
androsterone, 
brightness,  % 

Urinary 
androgens, 
brightness,  % 

A 

0.2 

11.50 

B 

0.4 

10.75 

10.97 

C 

0.8 

10.97 

12.12 

D 

1-4 

10.26 

8.20 

E 

2.0 

10.  17 

7.72 

5.81 

F 

2.8 

7-49 

6.20 

4.70 

G 

3-4 

7.66 

5-30 

4-31 

H 

4.0 

6.06 

390 

3-43 

I 

5.0 

4.91 

3-57 

1-34 

Each  point  on  the  chroTiaticity  diagram  is  enclosed  in  a  square,  circle  or  triangle.  Those  in  the  squares 
refer  to  the  discs,  those  in  the  circles  refer  to  the  solution  of  crystalline  androsterone  and  those  in  the 
triangles  refer  to  the  results  obtained  with  urinary  extracts. 


The  numerous  factors  which  affect  the  rate  and  intensity  of  color  development  in 
the  m-dinitrobenzene  reaction  and  the  instability  of  the  unknown  colored  compound 
which  is  formed  are  undesirable  features  of  this  method  of  assay.  Although  this  pro- 
cedure  has  proved  useful  in  practice,  it  would  be  highly  desirable  from  a  chemical 
viewpoint  to  replace  it  with  another  reaction  which  is  free  of  this  criticism. 
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CLINICAL  USEFULNESS  OF  THIS  METHOD^ 

HARRY  B.  FRIEDGOOD  and  HELEN  L.  WHIDDEN 
From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hosfiital  and  the 
Department  of  Medicine  Harvard  Medical  School 

BOSTON,  MASSACHUSETTS 

IN  A  PRELIMINARY  COMMUNICATION  (i)  wc  Considered  in  some  detail  the  dis' 
advantages  for  clinical  purposes  of  the  method  of  bioassay  for  the  determination 
of  urinary  androgens.®  It  was  concluded  that  a  quantitative  colorimetric  technic 
would  be  distinctly  advantageous  over  that  of  the  bioassay.  In  view  of  the  latter,  a 
detailed  study  was  made  of  the  various  modifications  of  the  Zimmermann  reaction 
which  had  been  employed  for  the  colorimetric  assay  of  crystalline  and  urinary  an- 
drogens  (2,  5).  The  Wu  and  Chou  (4)  and  Callow  (5)  modifications  could  not  be  used 
with  the  Oesting  colorimeter  because  the  colors  developed  with  androgens  by  those 
procedures  differ  significantly  from  those  of  the  discs  of  the  instrument.  Subsequent 
examination  of  Oesting's  modification  (6)  by  spectrophotometric  and  other  methods 
disclosed  that  the  results  obtained  by  his  technic  are  not  sufficiently  reliable  (i,  2). 
The  factors  which  control  the  rate  and  depth  of  color  development  in  the  Zimmer- 
mann  reaction  were  thereupon  studied  extensively;  and,  on  the  basis  of  these  observa¬ 
tions,  we  developed  a  modification  of  it  which  could  be  used  successfully  in  the 
Oesting  colorimeter.  The  details  of  this  method,  as  applied  to  the  assay  of  crystalline 
androgens,  appear  elsewhere  (5)  The  present  paper  is  concerned  with  the  calibration 
of  the  discs  of  the  Oesting  colorimeter  with  crystalline  androgens  and  the  practical 
application  of  the  present  modification  of  the  Zimmermann  reaction  to  the  quantita¬ 
tive  determination  of  urinary  androgens.  The  problem  of  what  units  to  use  in 
reporting  the  results  of  androgen  assay  is,  an  important  one.  The  units  in  which 
Oesting  and  Webster  (7)  recorded  their  data  conflict  with  certain  theoretical  and 
practical  considerations,  for  which  reason  a  more  acceptable  system  of  units  was 
adopted. 

Calibration  of  the  discs  of  the  Oesting  colorimeter  with  crystalline  androsterone.  A 
standard  stock  solution  of  crystalline  androsterone  in  95%  ethyl  alcohol  was  pre¬ 
pared  by  dissolving  exactly  150  mg.  of  androsterone  in  alcohol  and  diluting  the  solu¬ 
tion  to  volume  in  a  liter  volumetric  flask.  Three  dilute  standards  were  then  prepared 
from  this  stock  solution  so  as  to  contain  6,  22.5  and  457  of  androsterone  per  cc.  of 
alcoholic  solution.  Aliquots  of  these  standards,  chosen  to  contain  from  2  to  507 

*  Aided  by  a  grant  from  the  Milton  Fund  of  Harvard  University. 

*  We  are  indebted  to  Miss  Jane  Worcester,  Department  of  Vital  Statistics,  School  of  Public  Health, 
Harvard  University,  for  her  suggestions  with  reference  to  the  handling  of  the  statistical  material.  We 
take  pleasure  in  thanking  Dr.  Ernst  Oppenheimer,  Ciba  Pharmaceutical  Products,  Inc.,  and  Dr.  Erwin 
Schwenk,  Schering  Corporation,  for  the  crystalline  androsterone  and  dehydroisoandrosterone  used  in 
these  experiments. 

*  The  term  “urinary  androgens"  is  used  (in  this  and  the  two  preceding  papers)  as  a,convenient  form 
of  reference  to  the  ketosteroid  content  of  urine  extracts.  Some  of  these  ketosteroids  are  biologically  ac¬ 
tive;  others  are  not. 
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of  crystalline  androsterone,  were  used  to  develop  the  colors  which  result  from  the 
use  of  that  modification  of  the  Zimmermann  procedure  which  is  described  herein. 
Comparison  of  these  colors  with  the  colored  discs  of  the  Oesting  colorimeter  then 
permitted  us  to  evaluate  the  discs  in  terms  of  the  crystalline  androgen.  A  total  of 
175  such  determinations  were  made  in  order  to  establish  the  value  of  each  of  the 
various  discs  in  terms  of  microgram  equivalents  of  crystalline  androsterone  (table  1). 
Colors  which  fall  between  those  of  two  adjacent  discs  were  arbitrarily  assigned  a 
value  halfway  between  the  two  discs,  since  this  is  as  closely  as  one  can  approximate 
these  color  matches.  These  values  were  also  included  in  the  calibration  of  the  instru' 
ment. 

Table  i  shows  that  the  androsterone  equivalent  of  one  color  unit  is  relatively 
constant  only  in  the  2.0  to  5.0  color  unit  range.  It  is  similarly  clear  from  figure  i  that 


Fig.  I.  Fig.  1.  Fig.  j.  A.  Spectrophotometric  curve  for  the  blank  solution  containing  reagents  only. 
B  and  C.  Spectrophotometric  curves  for  the  color  developed  in  solution  with  iSjy  dehydroisoandro- 
sterone  and  3857  androsterone,  respectively,  by  our  modification  of  the  Zimmermann  reaction.  D. 
Spectrophotometric  curve  of  No.  510  filter  of  the  Evelyn  photoelectric  colorimeter.  All  curves  were 
made  with  the  Hardy  recording  spectrophotometer.  Fig.  4. 

the  average  androsterone  equivalent  per  color  unit  (calculated  individually  for  each 
disc)  is  constant  within  narrow  limits  only  in  the  same  range.  In  accordance  with 
Beer’s  law,  therefore,  a  linear  relation  between  the  amount  of  hormone  used  for 
assay  and  the  depth  of  color  developed  from  it  was  observed  only  in  the  range  of 
androgen  concentration  represented  by  the  discs  marked  2.0  to  5.0  color  units  (fig.  2). 
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Readings  below  the  2.0  disc  were  therefore  discarded  in  the  calibration,  even  though 
good  spectrophotometric  matches  were  obtained  in  the  lower  range. 

Table  i.  Calibration  op  the  Oesting  colorimeter 


Calibration  with  crystalline  dehydroisoandrosterone 


Color  andro*  I  andnv  Color  andro-]  dchydrO' Color  dchydro-  Color  isoandro- 

u  stcrone  sterone  u  sterone/  isoandro-l  u  |*tcrone/  ij^oandro-  u  steronc/ 

/color  u  color  u  1  sterone  I  sterone  .. 


9.?6 

49.1 

>5.0 

9-65 

49-5 

?.o 

9.65 

?O.J 

5.0 

9.6? 

50.  J 

>5-0 

9.6? 

41-3 

>5.0 

9.88 

fi-i 

>5.0 

15. 

1 

M 

1 

15 

4 

8 

M. 

8 

One  hundred  and  twenty-three  determinations,  with  amounts  of  androsterone 
varying  from  i6  to  507,  were  made  in  the  2.0  to  5.0  color  unit  range;  the  average 
value  per  color  unit  was  found  to  be  9.5  +0.77  (table  2).  The  best  fitted  line  for  the 
data  in  figure  2  is  represented  by  the  regression  equation  y  =  io.8x  —  4.3  with  a  resid' 
ual  standard  deviation  of  + 1.8,  where  y  equals  the  amount  of  androsterone  in  7  and 
X  equals  the  number  of  color  units.  Because  of  the  linear  relation  demonstrated  above, 
a  correlation  coefficient  was  calculated  from  the  123  determinations  and  found  to  be 
.98. 
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Table  2.  Evaluation  of  colorimeter  discs  in  micrograms  crystalline 

ANDROSTERONE  AND  DEHYDROISOANDROSTERONE 


Disc  marking 

Average  amount  of  androgen 

Calculated  value  of  each  disc  in  microgram 

in  color  u 

equivalent  to  one  color  u 

equivalents  of  androgen 

Androsterone 

Dehydroisoandrosterone 

1.0 

14.4 

17-3 

2.8 

20.1 

3. I* 

9.57  androsterone 

29.4 

22-3 

3-4 

7.27  dehydroisoandrosterone 

32-3 

24? 

3 -7* 

35-1 

26.6 

4.0 

38.0 

28.8 

4-5* 

42.7 

32.4 

5.0 

47-5 

36.0 

*  Estimated  intermediate  values. 


Having  established  these  calibration  values,  32  solutions  containing  28  different 
known  amounts  of  androsterone  were  assayed  in  the  colorimeter  at  intervals  over 
a  period  of  9  months  in  order  to  determine  the  reproducibility  of  the  results.  Several 
identically  prepared  batches  of  reagents  were  used  during  this  time.  In  16  of  the 
determinations  the  error  between  the  calculated  amount  of  androsterone  and  that 
known  to  be  present  was  5%  or  less;  in  26  others,  the  error  was  less  than  10%;  and 
in  the  remaining  6,  the  error  was  between  ii  and  16%  (table  3). 

Table  3.  Determination  of  crystalline  androsterone  from  calibration  values 


y  y 


y 

Andro- 
sterone 
known 
to  be  in 
solution 

Color 

u 

Andro' 
sterone 
found  in 
solution 
from  calh 
bration 
value 

Difference  Difference 
between  between 
known  and  known  and 
determined  determined 
amount  of  amount  of 
andrO'  andro' 

sterone,  7  sterone,  % 

y 

Andro' 
sterone 
known 
to  be  in 
solution 

Color 

u 

Andro- 
sterone 
found  in 
solution 
from  cali¬ 
bration 
value 

Difference  Difference 
between  between 
known  and  known  and 
determined  determined 
amount  of  amount  of 
andro-  andro¬ 

sterone,  7  sterone,  % 

17-3 

2.0 

19.0 

+  1-7 

9.8 

35-5 

3-7 

35-1 

-0.4 

1. 1 

18.9 

2.0 

19.0 

+0.1 

0.5 

35-5 

3-7 

35-1 

-0.4 

I .  I 

19.9 

2.4 

22.8 

+2.9 

14.6 

35.8 

3-7 

35-1 

-0.7 

2.0 

20.0 

2.4 

22.8 

+2.8 

14.0 

37-4 

3-7 

35-1 

-2.3 

6.2 

21.3 

2.4 

22.8 

+  1.? 

7.0 

37-7 

3-7 

35-1 

—  2.6 

6.9 

21.3 

2.4 

22.8 

+  1.5 

7.0 

37-7 

3-7 

35-1 

—  2.6 

6.9 

23-9 

2.8 

26.6 

+2.7 

11-3 

39-8 

3-7 

35-1 

-4-4 

II. I 

2?. 4 

3-1 

29.4 

+4-0 

15-7 

40.2 

4-0 

38.0 

—  2.2 

5-5 

26.0 

2.8 

26.6 

+0.6 

2.3 

42.7 

4-5 

42.7 

0 

0 

26.0 

2.8 

26.6 

+0.6 

2.3 

43-8 

4-5 

42.7 

—  I .  I 

2.5 

26.4 

2.8 

26.6 

+0.2 

0.8 

45-0 

4.0 

38.0 

-7.0 

15.6 

27.9 

3-I 

29.4 

+  1.5 

5-4 

45-2 

4-5 

42.7 

-2.5 

5.6 

28.0 

31 

29.4 

+  1-4 

5-0 

47.8 

y.o 

47-5 

-0.3 

0.6 

30.8 

3-4 

32.3 

+  1.5 

4-9 

48.2 

5.0 

47-5 

-0.7 

1-5 

30.8 

3-4 

32.3 

+  1.5 

4-9 

49-7 

5.0 

47-5 

—  2.2 

4-4 

31.8 

3-1 

29.4 

-2.4 

7-5 

51.7 

>5.0 

32.0 

3-4 

32.3 

+0.3 

0.8 

Calibration  of  the  discs  of  the  Oesting  colorimeter  with  crystalline  dehydroisoandro' 
sterone.  Spectrophotometric  analysis  showed  that  the  colors  produced  in  the  m-dini' 
trobenzene  reaction  by  dehydroisoandrosterone,  another  androgenic  component  of 
urine,  are  identical  with  those  given  by  androsterone  (fig.  3).  This  figure  also  shows 
that  the  intensity  of  color  developed  with  this  technic  from  a  unit  weight  of  dehydro' 
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isoandrosterone  is  greater  than  that  developed  from  a  corresponding  amount  of 
androsterone. 

Standard  stock  solutions  of  crystalline  dehydroisoandrosterone  were  made  up  in 
the  same  way  as  thoce  of  crystalline  androsterone.  Seventy'seven  determinations 
were  made  with  amounts  of  dehydroisoandrosterone  varying  from  12.5  to  44.87 
(table  i)  and  the  average  value  per  color  unit  was  found  to  be  7.2  +  0.57  (table  2). 
The  relation  between  the  amount  of  dehydroisoandrosterone  (in  7)  and  the  depth  of 
color  (in  color  units)  was  found  to  be  linear  throughout  the  2.0  to  5.0  color  unit  range 
of  the  colorimeter  (fig.  4).  These  observations  w'ere  used  in  the  calibration  of  the  in- 
strument  with  dehydroisoandrosterone.  The  best  fitted  line  for  these  data  (fig.  4) 
is  represented  by  the  regression  equation  y  =  7.7x  — 1.6  with  a  residual  standard  de¬ 
viation  of  +1.6  where  y  =  amount  of  dehydroisoandrosterone  in  7  and  x  =  number  of 
color  units.  The  correlation  coefficient  based  on  72  observations  made  in  the  2.0  to 
5.0  color  unit  range  is  .97. 

Table  2  shows  the  dehydroisoandrosterone  equivalent  of  each  disc  calculated  in 
the  same  way  as  that  described  for  androsterone.  According  to  these  data,  the  ratio 
of  the  average  color  unit  value  of  dehydroisoandrosterone  is  to  that  of  androsterone 
as  1.3  is  to  I. 

Application  of  the  Colorimetric  Method  of  Crystalline  Androgen 
Assay  to  Urinary  Extracts 

Considerations  which  led  to  the  adoption  of  crystalline  androsterone  as  a  standard 
for  the  colorimetric  assay  of  urinary  androgens.  Having  evaluated  the  colored  discs 
of  the  Oesting  instrument  in  terms  of  the  crystalline  androgens,  the  next  step  was  to 
apply  these  values  to  the  colorimetric  assay  of  urinary  androgens. 

Oesting  and  Webster  (7)  stressed  the  point  that  a  color  unit  had  to  be  of  the  same 
numerical  size  as  a  capon  unit  in  order  to  make  significant  comparisons  between  the 
two  methods  of  assay.  With  this  in  mind,  they  limited  the  depth  of  color  which  can 
be  developed  from  a  given  aliquot  portion  of  urinary  extract  by  altering  the  variable 
factors  involved  in  the  Zimmermann  reaction.  The  total  number  of  color  units  per 
24'hour  specimen  were  thus  meant  to  be  brought  into  approximately  the  same  nu¬ 
merical  range  as  the  total  number  of  capon  units.  They  then  decided  to  report  the 
colorimetric  results  with  urinary  extract  in  terms  of  biologically  assayed  crystalline 
androsterone,  thereby  linking  their  chemical  assay  to  the  bioassay.  A  capon  unit 
was  defined  as  the  amount  of  urinary  androgen  or  crystalline  androsterone  required 
to  produce  an  average  increase  of  15%  in  the  comb  area  of  two  birds  by  the  comb 
inunction  technic.  When  they  found  that  it  took  10  +  27  of  crystalline  androsterone 
to  produce  this  comb  growth,  they  gave  a  capon  unit  this  value  and  arbitrarily  as¬ 
signed  the  same  androsterone  equivalent  to  a  color  unit  (7,  table  1). 

The  technic  which  Oesting  and  Webster  use  to  limit  the  color  developed  from 
urinary  androgens  also  inhibits  the  depth  of  color  which  develops  from  crystalline 
androsterone.  It  takes  approximately  1007  of  crystalline  androsterone  (2,  table  i) 
to  give  the  same  depth  of  color  (one  color  unit)  which  Oesting  gets  from  an  aliquot 
of  urinary  extract  whose  biological  activity  is  10  +  27  androsterone.  The  andro- 
sterone-equivalent  of  1  color  unit  derived  from  chemically  assayed  crystalline  andro¬ 
sterone  is  therefore  approximately  10  times  as  great  as  the  androsterone  equivalent 
of  I  color  unit  derived  from  biologically  assayed  androsterone  (Oesting’s  technic). 

It  appears  to  us  that  this  system  of  units  created  by  Oesting  and  Webster  is 
based  on  questionable  reasoning.  From  a  logical  viewpoint  one  would  expect  the  re¬ 
sults  of  colorimetric  assay  of  total  urinary  androgens  to  be  higher  than  those  derived 
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by  the  bioassay.  In  the  first  place  the  biological  activity  of  pure  dehydroisoandro' 
sterone  is  less  than  that  of  androsterone  while  its  chromogenic  activity  is  somewhat 
greater  than  androsterone;  and  secondly,  the  colorimetric  assay  of  urinary  androgens 
is  based  on  a  nonspecific  reaction  which  reveals  not  only  the  biologically  active  ke- 
tonic  sterols,  but  also  the  closely  related  nonandrogenic  ketonic  substances  which 
remain  in  the  fraction  being  assayed. 

By  means  of  the  present  modification  of  Zimmermann’s  colorimetric  procedure 
one  detects  all  of  the  ketonic  substances  in  the  neutral  ether  fraction  of  the  urinary 
extracts,  viz.,  the  biologically  active  androgens,  the  biologically  inactive  androgens 
and  other  nonandrogenic  ketonic  substances.  Callow,  Callow  and  Emmens  (5),  have 
found  that  the  androgenic  activity  of  a  urine,  as  measured  biologically,  is  concentrated 
in  the  neutral  ketonic  fraction.  As  a  result  of  this  circumstance  and  the  fact  that  the 
biologically  active  androgens  contribute  predominantly  to  the  chrom.ogenic  property 
of  such  urinary  extracts.  Callow  et  al.  have  found  that  there  is  a  statistically  signifi- 
cant  correlation  between  the  two  methods  of  assay. 

In  these  circumstances  it  w-ould  seem  inadvisable  to  attempt  as  Oesting  and 
Webster  have  done,  to  establish  a  system  of  units  in  which  10  ±  I'y  crystalline  andro¬ 
sterone  is  equivalent  to  one  capon  unit  or  to  one  color  unit.  The  chemical  method  of 
assay  should  not  be  tied  to  the  bioassay  wdth  bonds  other  than  those  which  establish 
statistically  a  significant  correlation  between  them,  because  the  method  of  bioassay 
measures  a  fundamentally  different  property  of  the  urinary  extract  than  does  the 
chemical  method.  The  fact  that  there  is  a  significant  correlation  between  the  results 
of  bioassay  and  chemical  assay  (5)  makes  it  possible  to  report  observations  made  with 
the  one  without  reference  to  the  other. 

On  the  basis  of  available  evidence  it  appears  preferable  to  compare  the  results 
of  the  chemical  assay  of  urinary  androgens  with  the  chromogenic  equivalent  of  a 
fixed  standard  and  report  them  in  milligram  equivalents  of  the  latter.  The  composi¬ 
tion  of  the  standard  naturally  depends  in  large  measure  on  the  chemical  identity  of 
the  urinary  androgens  and  the  relative  proportions  in  which  they  occur  in  the  urine. 
Those  present  in  the  urine  of  normal  men  and  women  which  contribute  predomi¬ 
nantly  to  the  chromogenic  properties  of  the  urinary  extract  are  androsterone, 
aetiocholane-3(a)'ol-i7'one  and  dehydroisoandrostercne.  Other  androgens,  still  un¬ 
identified,  undoubtedly  react  similarly.  Until  more  is  known  concerning  this  phase 
of  the  problem,  we  are  reporting  the  daily  androgen  excretion  in  terms  of  milligram 
equivalents  of  crystalline  androsterone  per  24  hours.  This  is  for  practical  purposes 
the  same  unit  as  that  adopted  by  Callow,  Callow  and  Emmens  (5).  Their  phrase 
“milligrams  sterone”  refers  to  the  amount  of  color  producing  ketonic  substances  in 
the  urine  in  terms  of  milligram  equivalents  of  crystalline  androsterone. 

Preparation  of  the  urinary  extract  for  the  assay  of  its  androgen  content.  The  method 
used  in  the  preparation  of  an  extract  of  urine  for  its  androgen  assay  was  modified 
from  that  of  Gallagher  et  al.  (8)  and  consists  essentially  of  fractionating  the  benzene 
extract  of  the  acid-hydrolyzed  urine  into  acid,  phenolic  and  neutral  portions.  The 
acid  fraction  is  discarded,  the  phenolic  portion  is  saved  for  the  assay  of  estrogens,  and 
the  neutral  fraction  in  ether  is  retained  for  the  colorimetric  determination  of  the 
androgens.  Such  known  urinary  components  as  acetone,  creatinine,  the  ketonic 
estrogens  and  other  ketonic  phenols  which  would  enter  into  the  color  reaction  be¬ 
cause  of  their  chemical  structure  are  removed  by  the  process  of  extraction  and  purifi¬ 
cation  to  which  the  urine  is  subjected. 

One-half  to  two-thirds  of  a  well  mixed  24-hour  specimen  is  boiled  under  reflux 
for  10  minutes  with  concentrated  hydrochloric  acid,  the  volume  of  which  is  15%  of 
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the  volume  of  urine  taken.  One  thousand  cc.  or  1500  cc.  extraction  tubes  of  the  Smith' 
type  continuous  extractor  (9)  are  filled  two'thirds  full  of  the  cooled  acid  urine  mix' 
ture;  the  remaining  one-third  is  filled  with  benzene  and  so  also  is  the  250  cc.  receiving 
flask.  The  rate  of  this  continuous  extraction  is  so  adjusted  that  the  repeated  circula' 
tion  of  the  benzene  for  22  to  24  hours  results  in  the  complete  extraction  of  the  urine 
by  an  amount  of  benzene  which  is  12  times  the  volume  of  urine  with  which  one 
starts.  The  completeness  of  extraction  has  been  judged  from  the  assay  of  identical 
aliquot  portions  of  a  number  of  urines  at  intervals  of  4,  7,  15,  22  and  24  hours.  The 
adequacy  of  extraction  has  also  been  tested  by  the  percentage  recovery  of  crystalline 
androsterone  added  to  urine  after  hydrolysis  and  prior  to  its  extraction  with  benzene. 
Yields  of  91  to  98%  of  the  added  androsterone  have  been  found.  After  extraction 
with  benzene  the  latter  is  distilled  off  under  reduced  pressure.  The  residue  is  taken 
up  in  ether  and  quantitatively  transferred  to  a  separatory  funnel  where  it  is  washed 
with  3  20  cc.  portions  of  a  saturated  solution  of  sodium  bicarbonate  and  extracted 
with  6  50  cc.  portions  of  a  10%  solution  of  sodium  hydroxide  to  remove  the  acid 
and  phenolic  fractions.  The  remaining  neutral  ether  fraction  which  contains  the 
androgens  and  related  ketonic  sterols  is  then  washed  three  times  with  30  cc.  portions 
of  distilled  water.  In  early  experiments  the  extraneous  coloring  matter  was  removed 
with  0.5  gm.  Norite'A  which  was  kept  in  contact  with  the  extract  for  a  period 
of  only  one  minute.  (This  suggestion  of  Oestings  has  since  been  discontinued 
because  there  is  a  significant  adsorption  of  the  ketosteroids  by  Norite.)  After  filter' 
ing  off  the  charcoal,  the  ether  is  removed  by  distillation  and  the  resulting  residue 
is  taken  up  in  95%  ethyl  alcohol,  quantitatively  filtered  into  a  calibrated  25  cc. 
volumetric  flask  and  diluted  to  volume  with  95%  ethyl  alcohol.  One  cc.  of  this 
alcoholic  solution  contains  the  equivalent  of  approximately  0.02  to  0.03  of  a  day’s 
excretion  of  urine.  Five-hundredths  to  0.2  cc.  (0.001  to  0.004  of  a  day’s  excretion 
of  normal  female  urine)  ordinarily  give  colors  matching  the  discs  marked  2.0  to  5.0 
color  units.  Necessary  dilutions  of  aliquots  of  the  25  cc.  alcoholic  solution  are  made 
in  cases  where  the  color  development  in  an  aliquot  portion  is  too  intense  to  fall  in 
this  range;  and  in  a  few  cases  where  the  concentration  is  too  small  to  fall  in  this 
range,  more  than  0.2  cc.  of  the  extract  is  used. 

The  alcoholic  solution  containing  the  androgenic  material  and  related  ketonic 
substances  is  as  a  rule  practically  colorless  or  a  pale  greenish'yellow.  Occasionally  a 
large  amount  of  chromogenic  material  (deep  yellow  to  orange-brown)  is  present. 
This  is  usually  the  case  in  extracts  prepared  from  the  urine  of  patients  with  adrenal 
tumors,  but  it  is  not  necessarily  limited  to  this  condition.  Even  in  such  instances  the 
final  dilutions  necessary  for  the  colorimetric  determination  in  the  Oesting  colorimeter 
render  the  portion  used  practically  colorless  so  that  the  color  in  the  alcoholic  solution 
does  not  interfere  with  the  measurement  of  the  depth  of  orange  to  pink  color  pro' 
duced  by  the  Zimmermann  reaction. 

Colorimetric  assay  of  the  extract.  Aliquot  portions  of  the  25  cc.  alcoholic  solution 
in  the  amounts  indicated  above  are  prepared  for  the  colorimetric  determination  by 
carefully  and  completely  evaporating  off  the  alcohol  from  the  aliquot  over  a  water 
bath  at  70  to  75°  C.  The  residue  is  taken  up  in  0.15  cc.  of  95%  ethyl  alcohol.  There' 
after  the  solution  is  treated  in  the  manner  outlined  for  the  crystalline  androgens. 
Calculations  are  based  on  the  average  results  obtained  from  at  least  two  such  aliquots 
of  different  volume  which  give  readings  in  the  desired  range  of  the  colorimeter.  The 
androgen  content  of  the  entire  24'hour  specimen  is  then  determined  from  the  average 
value  obtained  for  the  25  cc.  alcoholic  urinary  extract,  and  the  results,  are  reported 
in  milligram  equivalents  of  crystalline  androsterone  per  24  hours. 
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Application  of  the  colorimetric  method  of  androgen  assay  to  the  study  of  special 
problems  in  clinical  endocrinology.  There  are  a  number  of  endocrinopathies  in  women 
which  are  associated  with  or  characterized  by  masculine  hirsutes  or  a  combination 
of  hirsutism  with  one  or  more  of  the  physical  signs  and  symptoms  of  virilism,  viz., 
hypertropied  clitoris,  low  pitched  voice,  masculine  physique  and  muscular  develop' 
ment,  obesity,  hypertension,  amenorrhea  or  oligomenorrhea.  With  the  disclosure 
that  androgens  occur  in  the  urine  of  normal  men  and  women,  a  quantitative  study  of 
these  biologically  active  substances  was  undertaken  by  a  number  of  laboratories  in 
the  belief  that  the  total  daily  excretion  would  give  some  indication  of  the  nature  of 
the  pathological  physiology  of  sex  hormone  metabolism  in  cases  of  hirsutism  and 
virilism.  A  detailed  account  of  the  results  of  these  experiments  in  relation  to  our 
own  is  being  reserved  for  another  publication  which  is  to  be  devoted  exclusively  to 
a  report  on  the  clinical  significance  of  urinary  androgen  excretion  in  hirsutism  and 
virilism.  Suffice  it  to  state  for  the  present  that  the  results  from  our  laboratory  are  in 
substantial  agreement  with  those  obtained  by  Callow,  Callow  and  Emmens  (5) 
who  used  a  similar  colorimetric  method  of  assay.  Their  data  carry  considerable  weight 
inasmuch  as  they  have  demonstrated  that  there  is  a  statistically  significant  correlation 
between  the  results  of  the  bioassay  and  colorimetric  methods. 

The  purpose  of  this  communication  is  to  indicate  to  what  extent  the  Oesting 
instrument,  employed  in  conjunction  with  the  present  modification  of  the  Zimmer' 
mann  reaction,  has  been  used  in  the  practical  approach  to  a  study  of  the  endo' 
crinopathy  under  consideration  at  present.  Determinations  of  the  average  daily 
androgen  excretion  have  been  made  on  3  normal  young  adult  women  (group  i),  12 
cases  of  hirsutism  (group  2),  9  cases  of  virilism  not  attributable  to  adrenocortical 
tumor  (group  3),  and  2  cases  of  virilism  due  to  adrenocortical  neoplasm  (group  4). 
An  account  of  some  of  these  studies  is  recorded  in  detail  in  table  4  and  all  of  the  re' 
suits  are  summarized  in  table  5. 


Table  4.  Androgen  excretion  in  milligram  equivalents  of  crystalline 

ANDROSTERONE  PER  24  HOURS 


Day  of 

Normal  women 

Hirsute  women 

Virile  women 
without  tumor 

menstrual 

cycle 

L.  G.  1 

B.  W.  1 

J.C. 

R.  W. 

L.  W.  j 

H.W. 

s.  c. 

L.  Dc  P. 

A.  K. 

Oct. 

Nov. 

Oct. 

Nov. 

Oct. 

^ov. 

Feb. 

May 

June 

Mar. 

Apr. 

Apr. 

Oct. 

June 

»-  3 

5-67 

8.14 

7.08 

11.48 

13-1 

9.T 

10.39 

».53 

4-  6 

”•45 

6.16 

10.89 

10.61 

8.59 

/  4.7a 

\12.14 

12.25 

7-  9 

9.97 

4.45 

16.22 

15.67 

8.65 

7.65 

14.71 

?.03 

22. 1 

16.43 

lo-ia 

8.89 

10.66 

17.3 

11.3 

6.78 

14.0 

(”.3 

I17.97 

17.61 

22.5 

14.8 

6.76 

4-35 

13“M 

7-51 

13-35 

y.88 

3-87 

6-73 

19- 5j 

24.1 

»3-3 

6.42 

4.3a 

16-18 

7-63 

9-M 

iq.6 

23-3 

27.6 

4.48 

7.21 

19-21 

8.81 

10.87 

7.97 

6.71 

5.88 

13-8j 

13-51 

24.  I 

23-3 

13.1 

5.90 

6.67 

11-14 

8.Q1 

13-94 

7-49 

4-M 

14.0 

13.22 

13-76 

19. » 

22.6 

19  99 

4.7a 

6. 1 

25-27 

8.«7 

8.18 

11.24 

11.63 

26.  I 

21.7 

8.03 

4.84 

18- ji 

11.67 

15.7 

11.34 

Length  of 

days 

31 

18 

1  19 

1  22 

31 

34 

18 

30 

29 

cycle 

days 

days 

msm 

days 

days 

days 

days 

Length  of 

1  4 

1  5 

1  6 

5 

\  4 

1  3 

1  4 

1  6 

6 

1  3 

13 

4 

peri^ 

Ksg 

msm 

mm 

msm 

diys 

More  extensive  studies  of  the  androgen  excretion  in  a  larger  group  of  patients, 
similar  to  those  reported  in  table  5,  were  carried  out  with  the  Evelyn  photoelectric 
colorimeter.  The  results  of  this  second  series  of  observations  are  being  reported  in 
another  connection.  For  the  present  it  is  sufficient  to  note  that  the  findings  in  this 
second  group  of  cases  confirm  our  current  observations  and  that  parallel  determina' 
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tions  by  the  visual  and  photoelectric  methods  of  colorimetry  on  equal  aliquot  portions 
of  urinary  extracts  differ  only  by  an  average  of  about  10%.  Because  of  the  subjective 
errors  inherent  in  visual  colorimetry  and  because  of  the  inaccuracies  involved  in  the 
interpolation  of  intermediary  disc  values  in  the  Oesting  colorimeter,  the  photo¬ 
electric  instrument  is  preferable  for  androgen  assays.  The  Oesting  colorimeter  is 
entirely  adequate  for  clinical  purposes,  however,  if  it  is  used  in  conjunction  with 
the  technic  which  has  been  described. 


Table  5 


ClassiBcation 

No.  patients 

Total  No.  of 
24'hour 
determinations 

Range  of  androgen 
excretion  per  24  | 
hours  in  mg.  eq.  of 
androsterone 

Average  androgen 
excretion  per  24 
hours  in  mg.  eq.  of 
androsterone 

Normal  females 
(group  i) 

5 

30 

4-iy-  17-3 

9.50 

Hirsute  females 
(group  2) 

12 

62 

2.8  -  22.5 

11.56 

Virile  females  without 
adrenocortical  tumor 
(group  j) 

9 

90 

00 

00 

1 

13-37 

Virile  females  with 
adrenocortical  tumor 
(group  4) 

2 

17 

j6.j  -126.5 

65.5 

One  may  draw  the  following  conclusions  from  the  results  obtained  by  the  use 
of  the  Oesting  colorimeter  in  conjunction  with  the  technic  described  herein. 

(d)  The  values  for  the  daily  urinary  androgen  excretion  in  patients  from  groups 
I,  2  and  3  overlap.  The  androgen  output  of  some  of  the  virilistic  patients  in  group  3 
is  higher  than  any  encountered  among  the  normal  or  hirsute  women  in  groups  i  and  2. 

(b)  The  daily  androgen  excretion  of  patients  with  virilism  due  to  adrenocortical 
tumor  is  excessively  high,  although  an  occasional  patient  in  group  3  (virilism  without 
tumor)  falls  into  the  same  category. 

(c)  The  total  24'hour  urinary  androgen  excretion  is  of  value  in  the  differential 
diagnosis  of  the  cases  under  consideration  only  to  the  limited  degree  which  these  data 
indicate. 

Other  experiments,  which  are  now  in  progress,  suggest  that  the  chemical  identity 
of  the  androgens  in  the  urine  and  the  proportions  in  which  they  occur  may  be  of 
greater  value  in  an  understanding  of  the  pathogenesis  of  these  endocrinopathies  than 
a  determination  of  the  total  amount  of  a  number  of  unspecified,  and  in  many  instances 
unknown,  androgens.  The  androgen-estrogen  ratio  is  another  factor  which  is  being 
studied  in  this  connection. 

SUMMARY 

An  analysis  of  observations  made  with  the  Hardy  recording  spectrophotometer 
shows  that  identical  colors  are  developed  with  crystalline  androsterone  and  dehydro- 
isoandrosterone  by  a  modification  of  the  Zimmermann’s  m-dinitrobenzene  reaction 
which  is  described  herein.  One  may  also  conclude  from  these  curves  that  the  intensity 
of  color  developed  with  this  technic  from  a  unit  weight  of  dehydroisoandrosterone  is 
greater  than  that  developed  from  a  corresponding  amount  of  androsterone  (fig.  3). 

The  discs  of  the  Oesting  colorimeter  have  been  calibrated  with  crystalline  andro¬ 
sterone  (123  determinations)  and  dehydroisoandrosterone  (77  determinations)  by 


August,  1940 


COLORIMETRIC  ASSAY  OF  KETOSTEROIDS 


167 

this  modification  of  the  Zimmermann  reaction  (tables  i  and  2,  fig.  1,2  and  4).  This 
colorimetric  method  of  assay  has  been  applied  to  the  quantitative  estimation  of 
androgens  in  32  solutions  containing  known  amounts  of  crystalline  androsterone,  in 
30  specimens  of  urine  from  3  normal  women  and  in  169  specimens  of  urine  from  23 
patients  with  hirsutism  and  virilism  (tables  3,  4  and  5).  These  data  indicate  that  the 
accuracy  which  one  may  expect  with  this  method  in  the  determination  of  crystalline 
androsterone  is  usually  within  10%  of  that  known  to  be  present  and  that  the  assay 
of  the  total  daily  urinary  androgens  is  of  value  in  the  differential  diagnosis  of  virilism, 
particularly  in  the  presence  of  an  adrenal  cortical  tumor.  The  total  daily  androgen 
excretion  of  normal  women,  hirsute  women  and  patients  with  frank  virilism  may  fall 
within  the  same  range,  although  the  urinary  androgens  tend  to  be  higher  in  the 
individuals  of  the  latter  group  than  among  those  of  the  other  two  groups. 

Certain  practical  considerations  which  led  to  the  adoption  of  crystalline  andro- 
sterone  as  a  standard  for  the  colorimetric  assay  of  urinary  androgens  are  included  in 
the  discussion  of  the  applicability  of  the  colorimetric  method  to  the  problems  of 
clinical  endocrinology. 

Because  of  the  subjective  errors  inherent  in  visual  colorimetry  and  because  of 
the  inaccuracies  involved  in  the  interpolation  of  intermediary  disc  values  in  the 
Oesting  colorimeter,  the  photoelectric  instrument  is  preferable  for  androgen  assays. 
The  Oesting  colorimeter  is  entirely  adequate  for  clinical  purposes,  however,  if  it  is 
used  in  conjunction  with  the  technic  which  has  been  described. 
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CYCLIC  CHANGES  IN  THE  EXTERIORIZED  UTERUS 


G.  VAN  WAGENEN  and  ARTHUR  H.  MORSE 
From  the  Department  of  Obstetrics  and  Gynecology 
Yale  University  School  of  Medicine 

NEW  HAVEN,  CONNECTICUT 

NO  PART  OF  reproductive  physiology  has  been  contributed  to  more  richly, 
during  recent  years,  than  the  study  of  cyclic  changes  in  the  genital  tract. 
However  the  manner  of  rhythmic  production  by  the  ovary  of  the  effective 
substances  which  cause  uterine  and  vaginal  changes,  and  the  way  in  which  the  hypoph' 
ysis  in  turn  controls  ovarian  activity  are  still  questions.  For  eventual  solution  of 
these  problems  it  is,  perhaps,  essential  to  record  all  evidence  of  recurring  physiological 
change  which  can  be  related  in  any  way  to  the  reproductive  cycle.  Therefore  we 
are  reporting  here  certain  changes  in  the  uterus  of  the  rhesus  monkey.  The  alternating 
extrusion  and  retraction  of  the  exteriorized  uterus  has  a  definite  orientation  in  time 
to  the  appearance  of  vaginal  bleeding  and  because  of  this  may  be  of  interest  in  the 
study  of  the  primate  menstrual  cycle.  The  following  observations  took  place  during 
the  study  of  two  rhesus  monkeys  in  which  the  uterus  had  been  opened  up  and 
brought  to  the  lower  abdominal  wall  in  the  hope  of  facilitating  an  entrance  into  the 
uterine  cavity  to  secure  curettings. 

Operation  and  Early  Observations 

The  technic  of  the  operative  procedure  was  as  follows.  The  peritoneal  cavity 
was  opened  by  a  middine  incision.  The  fundus  of  the  uterus  was  brought  up  into  the 
wound  and  its  anterior  and  posterior  surfaces  attached  by  sutures  of  fine  black  silk 
passed  outward  through  the  peritoneum  and  fascia  of  the  anterior  abdominal  wall. 
The  uterus  was  opened  by  the  excision  of  a  cone-shaped  portion  of  tissue,  the  point 
of  the  cone  being  directed  toward  the  uterine  cavity.  The  uterine  muscle  was  sutured 
to  the  abdominal  musculature  and  the  skin  edges  of  the  incision  were  similarly  ap¬ 
proximated  to  the  edges  of  the  endometrium  by  means  of  fine  black  silk,  threaded  on 
the  smallest  needle  used  in  ophthalmic  surgery.  Following  this  the  terminal  ends  of 
the  wound  were  closed,  isolating  the  site  of  the  fistula  from  the  general  peritoneal 
cavity.  Subsequent  inspection  showed  a  permanent  opening  through  which  a  probe 
could  be  passed  into  the  uterus. 

These  procedures  were  first  carried  out  in  December  1937  upon  2  young  monkeys 
in  which  regularly  recurring  cycles  had  not  yet  been  established;  and,  for  the  greater 
part  of  the  first  year  after  the  operation  the  animals  bled  irregularly.  It  is  impossible 
to  say  whether  this  irregularity  was  due  to  t^c  fact  that  they  were  young  or  whether 
we  disrupted  their  cycles  by  curetting  at  irregular  intervals  and  by  frequently  open¬ 
ing  the  membrane  which  so  consistently  closed  over  the  entrance  of  the  uterus.  It 
was  at  that  time  thought  necessary  to  preserve  the  stoma  by  repeated  dilatation  and 
as  a  result  of  this  operation  there  was  a  considerable  destruction  of  endometrium 
followed  by  bleeding.  In  view  of  our  later  experiences  these  operative  procedures 
were  enough  to  inhibit  the  underlying  physiology  of  the  phenomenon  to  be  described. 
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Extrusion  of  the  Uterus 

The  animals  were  allowed  to  rest  over  the  summer  of  1938,  the  last  curetting 
having  been  made  on  June  3rd.  They  were  watched  for  menstrual  cycles  but  neither 
one  bled  during  June,  July  and  August.  Likewise  the  opening  to  the  uterus  remained 
closed  in  both  animals  during  these  months.  The  monkeys  gained  in  weight  and  were 
in  much  better  physical  condition  when,  in  the  middle  of  September,  it  was  first 
noticed  that  the  uterus  of  monkey  368  had  opened  and  the  endometrium  was  exposed. 
Gradually  the  uterus  pushed  through  the  opening  everting  more  and  more  until  it 
protruded  almost  a  centimeter  from  the  abdominal  wall.  The  cavity  of  the  uterus  was 
represented  by  a  horizontal  cleft  in  the  knob  measuring  2  cm.  in  diameter  (fig.  5).  The 
constant  abrasion  of  the  endometrial  covered  surface  of  the  projection  caused  bleed' 
ing  which  was  at  first  mistaken  for  menstrual  bleeding.  During  the  whole  time  that 
the  endometrium  was  exposed,  dried  and  fresh  blood  was  present  on  the  abdominal 


Fig.  I.  The  sagittal  section  of  the  uterus  after  operation  and  during  a  period  of  quiescence 
i.E.  THE  FIRST  HALF  OF  THE  MENSTRUAL  CYCLE.  The  myometrium  is  continuous  with  the  musculature  of 
the  anterior  abdominal  wall  and  the  skin  of  the  body  surface  has  covered  over  the  entrance  to  the  uterus. 
Fig.  1.  Sagittal  section  during  full  extrusion  of  the  uterus.  Note  the  heavy  line  indicating  the  skin 
of  the  abdomen  now  terminates  at  the  edge  of  the  protrusion,  the  surface  of  which  is  covered  by  endome¬ 
trium.  The  cavity  of  the  uterus  is  patent. 

wall.  The  uterus  remained  opened  and  extruded  for  14  days  and  then  precipitously 
withdrew  into  the  abdomen  and  after  an  interval  of  a  single  day  a  vaginal  bleeding, 
now  believed  to  be  menstruation,  occurred.  At  first  there  was  a  question  whether 
or  not  this  blood  could  represent  the  sloughing  of  the  tissue  injured  during  the  phase 
of  extrusion. 

Surprisingly  enough  the  second  animal,  mon\ey  3  56,  about  a  month  later  showed 
a  similar  spontaneous  rupture  of  the  closing  membrane  and  a  pushing  out  of  the  uterus. 
At  this  time  the  uterus  remained  out  for  1 1  days,  then  withdrew,  after  which  there 
was  a  vaginal  bleeding  of  3  days.  In  both  animals  the  opening  through  which  the 
uterus  had  advanced  contracted  and  the  skin  closed  over.  The  diaphragm  thus  formed 
was  translucent  in  the  center.  After  a  quiescent  period  of  16  days  in  the  first  animal 
and  14  in  the  second  the  diaphragm  ruptured  and  the  uterus  again  appeared.  The  pe¬ 
riod  of  protrusion  lasted  ii  days  in  one  animal  and  12  in  the  other.  The  longer  time 
taken  for  full  extrusion  was  verified  then.  Three  or  four  days  are  usually  needed  for 
the  complete  process  of  eversion  but  the  uterus  can  recede  in  24  hours,  sometimes 
being  in  full  view  one  day  and  completely  out  of  sight  the  next. 
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During  these  repeated  excursions  of  the  uterus  it  was  decided  to  forego  any 
attempts  to  obtain  endometrial  samples  but  rather  to  watch  this  new  process  and  to 
find  out  if  it  were  constantly  in  the  same  time  relationship  to  menstruation. 
The  remarkable  regularity  of  this  phenomenon  can  be  seen  by  reference  to  the  graphs 
(fig-  3,  4)- 

Monl(cy  368.  The  first  menstruation  of  this  animal  occurred  May  3, 1937  and  was 
followed  by  irregular  cycles  typical  of  a  maturing  animal.  Abdominal  hysterotomy 
was  performed  December  15,  1937.  The  irregular  vaginal  bleedings  which  were  ob' 
served  in  the  next  few  months  usually  followed  dilatation  of  the  ostium  or  curettage 
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Fig.  3  and  4.  Uterine  activity  in  relation  to  menstrual  bleeding. 

for  endometrial  samples.  An  amenorrhea  of  3  months  duration  immediately  preceded 
the  first  extrusion  of  the  uterus  which  began  on  Sept.  18,  1937.  Figure  3  indicates 
how  regularly  these  uterine  appearances  recurred  during  the  next  7  months  when 
the  animal  was  not  subjected  to  any  operative  procedures  (i.e.  curettage  or  dilata^ 
tion).  Recession  of  the  uterus  was  always  followed  in  from  i  to  3  days  by  menstrua^ 
tion.  The  menstrual  cycles  were  28,  26,  26,  26,  26  and  27  days  in  length.  Extrusion 
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of  the  uterus  lasted  from  9  to  16  days  with  an  average  of  12  days.  During  the  next 
cycle  proluton  (A.  fig.  3)  was  injected  (0.5  mg.  per  day)  on  the  eighth  day  of  the  cycle 
and  the  expected  appearance  of  the  uterus  did  not  take  place.  One  day  of  active  bleed' 
ing  occurred  on  the  fourteenth  day  of  the  injections  and  20  days  after  the  last  men¬ 
strual  bleeding  but  the  series  was  not  followed  by  bleeding.  Thirty-six  days  later 
the  uterus  again  appeared  and  remained  out  12  days.  Following  cycles  of  31,  26,  20 
and  21  days  included  2  abortive  extrusions,  one  8  days  only  with  an  interval  of  5 
days  before  menstruation  and  another  of  only  3  days.  Stilbestrol  (2.5  mg.  per  day) 
was  given  orally  for  2  weeks  (B  fig.  3).  No  bleeding  followed  the  course  of  injections 
and  the  uterus  remained  intrabdominal.  Another  period  of  noninterference  resulted 
in  the  assumption  of  regular  cycles  of  uterine  excursion  during  the  second  half  of  the 
menstrual  cycles  and  during  2  of  these,  samples  of  endometrium  showing  secretory 
tissue  were  obtained. 

Monkey  3  56.  The  first  menstrual  date  of  this  recently  matured  animal  was  not 
known  but  it  weighed  4,330  gm.  and  the  sex  skin  swellings  were  still  on  the  thighs 


Fig.  5.  Monijev  368  on  October  27,  1938.  The  photograph  was  taken  at  the  height  of  extrusion 
during  the  second  rise  on  the  graph  in  Fig.  3.  Fig.  6.  Biopsy  tissue  taken  from  Monkey  368  on  December 

19,  1939,  WHICH  WAS  THE  DAY  BEFORE  THE  UTERUS  RECEDED  AFTER  10  DAYS  OF  EXTRUSION.  See  alTOWS  in 

figure  4.  Fig.  7.  Section  through  skin  at  entance  to  uterus.  Removed  at  a  time  when  the  uterus  was 
not  extruded.  Endometrial  glands  can  be  seen  lying  immediately  beneath  the  skin. 

and  tail  base.  Irregular  bleeding  followed  for  some  months  after  the  hysterostomy  on 
December  21,  1937.  An  amenorrhea  during  the  summer  months  was  followed  by 
rupture  of  the  skin  at  the  site  of  operation  and  the  reflected  endometrium  of  the  uterus 
appeared.  The  uterus  remained  out  ii  days.  One  day  intervened  before  a  vaginal 
bleeding  of  2  days.  Five  menstrual  cycles  of  26  days  each  followed.  In  the  latter 
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half  of  each  cycle  the  uterus  was  extruded  for  12,  10,  15,  12  and  ii  days.  At  the 
time  when  the  next  extrusion  was  expected  a  series  of  daily  injections  of  proluton 
(0.5  mg.  per  day)  was  given  and  apparently  suppressed  the  event  (A.  fig.  4).  A  men' 
struation  occurred  during  the  injections,  followed  by  an  amenorrhea  during  May, 
June,  July  and  August.  In  September  stilbestrol  was  given  orally  (0.5  mg.  per  day) 
for  2  weeks.  The  estrin  privea  bleeding  occurred  after  an  interval  of  5  days  after 
which  regular  menstrual  cycles  again  ensued,  26,  26,  26,  21  and  31  days  were  accom' 
panied  by  extrusions  of  ii,  13,  10,  5  and  12  days.  The  short  cycle  of  21  days  and  the 
minimal  extrusion  of  5  days  coincided.  Samples  of  endometrium  taken  at  times  of 
extrusion  in  February  and  November  1939  showed  interval  type  of  glands.  Curet- 
tings  on  February  9,  1938  and  December  19,  1939  showed  secretory  endometrium. 
A  section  through  the  skin  closing  the  entrance  into  the  uterine  cavity  when  the 
uterus  was  withdrawn  is  shown  in  figure  7.  It  will  be  seen  that  the  skin  with  the 
endometrial  glands  lying  beneath  resembles  uterine  endometriosis.  Such  tissue  is 
sometimes  found  in  an  old  caesarean  scar. 

DISCUSSION 

The  unique  character  of  this  uterine  activity  demanded  that  a  certain  amount  of 
time  be  given  over  simply  to  observation  of  it.  It  was  necessary  to  determine  whether 
it  was  a  result  of  transient  intrabdominal  conditions  or  truly  a  reflection  of  physiologi' 
cal  changes  taking  place  within  the  uterus  itself.  Histological  study  of  the  tissues 
had  necessarily  to  be  deferred.  However,  after  the  initial  disorganization  of  cyclic 
bleeding  because  of  relatively  extensive  curettage,  the  remarkably  regular  reappear¬ 
ance  has  now  continued  well  into  the  third  year  after  operation.  The  circulation  of 
the  uterus  is  believed  to  be  intact  and  the  muscle  wall  of  the  uterus  apparently 
has  fused  with  the  abdominal  musculature.  By  giving  progesterone  (proluton)  it  was 
thought  that  a  relaxation  of  the  uterine  musculature  might  prevent  the  extrusion. 
In  both  animals  when  0.5  mg.  of  proluton  were  injected  daily,  immediately  before 
the  expected  excursion,  the  uterus  did  fail  to  appear.  However  the  injection  of  an 
estrogenic  substance  (stilbestrol)  in  5  mg.  {monkey  356)  and  2.5  mg.  (monl^ey  368) 
doses  which  might  be  expected  to  have  the  opposite  effect  failed  to  induce  or  enhance 
the  event.  Larger  amounts  of  hormone  might  have  brought  about  different  results, 
but  in  these  animals  it  is  our  belief  that  the  only  effect  of  the  administered  hormones 
was  to  interfere  with  the  hormonal  balance  of  the  individual  animal  and  that  this 
suppressed  both  the  menstrual  cycle  and  uterine  extrusion. 

It  is  a  well  known  fact  that  the  human  uterus  changes  in  size  during  the  cycle. 
In  the  monkey  a  corresponding  variation  can  easily  be  verified  by  rectal  palpation. 
The  relative  parts  played  by  the  endometrium  and  musculature  in  this  change  in 
size  is  of  interest  since  edema  and  congestion  are  not  confined  to  the  endometrium. 
The  periodic  rupture  and  reformation  of  the  epidermal  layer  closing  off  the  cavity 
brings  to  mind  the  spontaneous  opening  of  the  vaginal  membrane  in  the  guinea  pig. 
In  the  latter  animal  the  opening  of  the  vagina  is  correlated  with  the  appearance  of 
heat.  The  same  underlying  physiological  processes  of  the  sexual  cycle  may  be  accom¬ 
plishing  both  but  although  the  two  events  occur  about  the  time  of  ovulation  the  two 
sites  of  rupture  are  separated  widely  in  the  genital  tract. 

The  transposition  of  the  uterus  described  here  has  exposed  a  phase  within  the 
cycle  which  has  definite  termini  neither  of  which  coincides  with  the  one  fixed  point 
(first  day  of  bleeding)  used  in  calculating  the  menstrual  cycle.  The  withdrawal  of 
the  uterus  into  the  abdomen  approaches  a  step  nearer  in  time  to,  if  it  does  not  actually 
indicate,  the  rapid  endometrial  regression  leading  to  menstruation.  The  rupture  of 
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the  intact  diaphragm  and  the  protrusion  of  the  uterus  is,  in  itself,  as  definite  an  occur' 
rence  as  the  onset  of  catamenia.  The  possession  of  these  additional  criteria  of  tissue 
activity  should  materially  assist  in  further  analysis  of  uterine  physiology. 

SUMMARY 

Subsequent  to  the  formation  of  a  permanent  utero'abdominal  fistula  in  two 
monkeys  there  occurred  a  rhythmic  extrusion  and  evagination  of  the  uterine  fundus 
with  exposure  of  the  endometrium.  This  protrusion  of  the  uterus  when  correlated 
with  the  appearance  of  vaginal  bleeding  coincided  roughly  with  the  latter  half  of 
the  cycle.  When  secretory  endometrium  was  obtained  by  curettage  it  was  always 
at  a  time  when  the  uterus  was  extruded.  However,  interval  endometrium  was  some- 
times  found  during  this  phase,  indicating  that  the  uterine  protrusion  was  independ' 
ent  of  any  change  which  could  be  attributed  to  the  presence  of  a  corpus  luteum. 

This  work  was  aided  by  a  grant  from  the  Research  Fund  of  the  Yale  University  School  of  Medicine. 

The  proluton  was  supplied  by  the  Schering  Corporation  through  Dr.  Max  Gilbert  and  the  stilbes- 
trol  by  Dr.  J.  A.  Morrell  of  E.  R.  Squibb  €?’  Sons. 
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There  is  much  contradiction  in  the  literature  as  cited  by  Marlow  and 
Koch  (i)  concerning  the  relation  of  blood  calcium  level  and  ovarian  activity. 
It  has  been  known  that  the  egg  laying  cycle  of  the  hen,  pigeon,  or  dove  is 
accompanied  by  a  marked  increase  in  blood  calcium.  However,  in  the  paper  referred 
to  above  no  significant  change  in  blood  calcium  level  of  rats,  (male  or  female;  normal 
or  gonadectomized)  rabbits,  or  fowls  (male  or  female)  could  be  noted  when  urinary 
or  mammalian  ovarian  estrogens  were  injected.  Dosages  equivalent  to  200  r.u.  of 
urinary  estrogens,  or  an  equivalent  of  25  gm.  of  fresh  ovarian  tissue  showed  no 
significant  change  in  blood  calcium.  Other  investigators  (2,  3)  have  demonstrated 
an  increase  of  blood  calcium  upon  administration  of  estrogenic  material  while  still 
others  (4,  5)  observed  a  significant  reduction.*  So  it  seems  that  there  is  no  agreement 
among  workers  as  to  the  precise  effect  of  administration  of  the  ovarian  hormones 
upon  the  blood  calcium  level,  if  any. 

Little  has  been  done  on  the  extraction  and  purification  of  avian  estrogens  and 
their  influence  on  blood  calcium  which  in  fowls  shows  a  most  marked  fluctuation 
during  the  laying  period.  Some  investigators  (6)  have  reported  the  presence  of  estro- 
genic  materials  in  hen-ovarian  follicles,  and  in  fresh  egg  yolk,  as  well  as  a  progressive 
increase  in  amount  in  incubated  eggs  (7).  Lipoid  extracts  from  fresh  egg  yolks  gave 
positive  estrous  conditions  in  rabbits  (8),  while  whole  egg  yolk  injected  into  a  poulard 
caused  feminine  feather  growth  in  9  days  after  cessation  of  injections  (9).  Recently 
Altmann  and  Hutt  (3)  criticized  the  paper  by  one  of  us  (H.W.M.)  (1)  on  the  grounds 
of  variability  in  the  calcium  levels.  They  report  a  35%  increase  in  blood  calcium 
after  injection  of  100  gm.  of  egg  yolk  into  the  peritoneal  cavity  of  immature  pullets. 
However,  Conrad  and  Scott  of  Kansas  State  College  observed  (unpublished)  that 
when  massive  dosages  of  egg  yolk  were  introduced  into  the  immature  pullet,  intra- 
peritoneally,  or  if  the  same  amount  of  egg  yolk  is  injected  in  broken  dosages  exactly 
as  Altmann  and  Hutt  reported,  no  changes  were  observed  in  blood  calcium  levels. 
Intravenous  injection  of  egg  yolk  had  no  effect  on  the  blood  calcium  and  no  injurious 
effect  on  the  pullet.  As  the  above  authors  could  not  demonstrate  a  change  in  blood 
calcium  level  following  the  directions  of  Altmann  and  Hutt,  it  was  decided  to  pre¬ 
pare  a  saline  solution  of  immature  ova  and  inject  it  intraperitoneally  following  Alt- 
mann’s  procedure.  Much  of  the  protein-like  substance  was  not  absorbable,  and  was 
so  packed  around  the  digestive  tract  as  to  interfere  seriously  with  normal  processes. 

In  order  not  to  disturb  the  animals  physiologically,  extracts  of  immature  ova  and 
of  whole  ovaries  containing  no  follicles  greater  than  7  mm.  in  diameter  were  made 
and  injected  intramuscularly.  The  blood  calcium  level  was  followed.  (The  quantita¬ 
tive  findings  of  the  amount  of  estrogens  present  in  these  fractions  are  reported  in 

•  Contribution  No.  241. 

*  Landauer  et  al.  (12)  report  that  when  estradiol  benzoate  is  injected  into  fowls,  in  doses  of  4600 
i.u.  or  higher,  the  blood  calcium  will  rise  from  ii  to  78%.  Smaller  doses  showed  newly  deposited  Ca 
salts  in  the  bones.  They  gave  as  high  as  10,000  i.u.  daily. 
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another  article  by  the  authors.  For  immature  ova  this  was  44  r.u.  per  kg.,  and  for 
whole  ovaries  37  r.u.  per  kg.  (13)). 


EXPERIMENTAL  PROCEDURE 

The  experiments  were  performed  with  12  to  14'week'old  pullets  of  mixed  breeds. 
Experimental  and  control  groups  alike  were  kept  in  the  same  pen  under  identical 
conditions.  The  temperature  remained  within  a  range  of  10°,  the  diet  was  the  same 
throughout  the  experiment  and  the  birds  were  kept  from  as  little  disturbance  as 
possible  before  the  bleedings  were  made.  All  of  the  bleedings  were  made  from  the 
wing  vein,  and  at  approximately  the  same  hour  each  time.  Ck)ntrol  Ca  values  were 
secured  before  treatment  as  well  as  from  blood  of  untreated  birds  taken  at  the  same 
time  as  blood  from  experimental  birds.  Ca  determinations  were  made  on  whole  blood 
by  Wang’s  method  (10).  Duplicate  determinations  were  made  in  all  cases. 

Effect  of  immature  ova.  The  follicular  membranes  were  separated  from  some 
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Fig.  I .  Effect  of  immature  ova  on  blood  calcium.  Fig.  1.  Effect  of  injection  of  extracts 
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frozen  follicles  that  were  more  than  10  mm.  in  diameter.  Weighed  amounts  of  the 
follicle  contents  which  had  previously  assayed  44  r.u.  per  kg.  were  thoroughly 
emulsified  with  a  sterile  0.9%  salt  solution  and  injected  into  the  peritoneal  cavity  of 
6  pullets.  A  total  of  42  gm.  containing  approximately  2  r.u.  was  administered  to  each 
pullet  over  a  period  of  12  days  with  injections  made  every  third  day.  Six  control 
birds  received  no  injections.  Bleedings  were  made  2  days  prior  to  the  first  injection 
and  on  the  3rd,  6th,  10th,  13th,  and  17th  days  after  the  first  injection.  The  results 
are  shown  in  table  i.  An  increase  in  Ca  was  noted  only  on  and  after  the  13th  day 
after  the  first  injection  (fig.  i).  The  maximum  increase  was  1.7  mg.  per  100  cc.  of 
blood.  By  this  time  all  of  the  injected  birds  exhibited  physiological  disturbances 
due  to  the  volume  of  unabsorbable  follicle  contents  contained  in  the  peritoneal 
cavities.  The  results  were  fatal  in  a  few  instances. 

Table  i.  Effect  of  follicle  contents  on  blood  Ca  of  pullets 


Mg.  Ca/ioo  cc.  of  blood 


Group  No. 

Days  before 
injection 

Days  after  first  injection 

Min. 

Max. 

a 

3 

6 

10 

13 

17 

I 

II. 6 

II. 4 

II. 0 

II. 3 

— 

II. 0 

II. 4 

2 

9.8 

10.6 

II. 4 

10.9 

12.2 

12.5 

10.6 

12.5 

Injected  3 

II. 8 

II. 4 

II. 5 

10. 1 

12.4 

12.6 

10;  I 

12.6 

4 

II. 4 

12.2 

II. 6 

II. 9 

— 

II. 6 

12.2 

5 

12.2 

II. 2 

12.9 

* 

— 

— 

II. 2 

12.9 

6 

II. 4 

II. 8 

II. 8 

10.9 

14.2 

14. 1 

10.9 

14.2 

Average 

II. 4 

II. j 

II. 7 

II. 0 

12.9 

13-1 

Minimum 

9.8 

10.6 

II. 0 

10. 1 

12.2 

12.5 

Maximum 

12.2 

12.2 

12.9 

II. 9 

14.2 

14. 1 

7 

12.6 

II. 4 

10.6 

10.7 

11.8 

I 

i-y 

10.6 

12.6 

8 

II. 4 

II. 2 

10.3 

10.6 

10. 1 

11.8 

I 

2.0 

10. 1 

12.0 

Ckmtrol  9 

II. 2 

II. 4 

II. 7 

11.2 

I 

1-7 

11.2 

II. 7 

10 

— 

II. 6 

10.6 

II. 5 

11.2 

1 

1-7 

II. 2 

II. 7 

II 

II. 4 

12.5 

II. 2 

II. 9 

II. 4 

I 

1. 1 

11. 1 

12.5 

12 

9.6 

II. 0 

9-3 

9-5 

10.5 

10.6 

9-3 

II. 0 

Average 

II. 2 

II. 3 

10.5 

10.9 

II. 3 

II. 4 

Minimum 

9.6 

II. 0 

9-3 

9-5 

10.5 

10.6 

Maximum 

12.6 

12.5 

II. 2 

II. 9 

11.8 

12.0 

*  Died  of  peritonitis. 

**  Died.  No  autopsy  was  made. 

***  The  bird  was  sick  and  was  killed  for  observation.  The  yolk  was  packed  solidly  around  the 
visceral  organs.  No  bad  odor  was  found  as  in  the  case  of  peritonitis. 

Effect  of  follicle  extract  and  of  ovary  extract.  A  concentrated  purified  extract 
should  furnish  a  better  criterion  for  a  study  on  the  effect  of  avian  estrogenic  material 
on  the  blood  Ca  than  the  follicle  itself.  By  this  application  a  more  concentrated 
form  of  the  estrogenic  material  could  be  administered,  yet  the  ill  effects  due  to  large 
volumes  of  unabsorbable  material  would  be  eliminated. 

Each  of  6  pullets  was  given  daily  intramuscular  injections  for  9  days  of  the  extract 
which  was  equivalent  to  about  30  gm.  of  the  follicles  per  injection.  This  amounted 
to  1.3  R.u.  (table  2).  Each  of  another  group  of  6  pullets  received  the  same  treatment 
with  the  extract  of  hen  ovaries.  Each  injection  was  equivalent  to  about  60  gm.  of 
ovaries  containing  2.2  r.u.  (table  3).  The  extracts  were  administered  in  olive  oil. 
Five  control  pullets  received  injections  of  olive  oil  alone  (table  3). 
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T ABLE  2.  Effect  of  follicle  extracts  on  blood  Ca  of  pullets 


Mg.  Ca/ 100  cc.  of  blood 


Group  No. 

injection 


Days  after  first  injection 


Days  after 
injection  ceased 


Min.  Max. 


3 

1 

2 

5 

7 

9 

3 

1 

I 

12.  1 

IIJ 

12.5 

12. 2 

12.2 

10.8 

12.4 

12.0 

10.8 

12.5 

2 

11. 0 

10.8 

II. 8 

11.2 

II. 6 

II. 8 

10.6 

10.6 

10.6 

II. 8 

Follicle 

3 

II. 2 

10. J 

12.5 

12.2 

II. 6 

II. 5 

II. 6 

10.3 

10.3 

12.5 

extract 

4 

12.7 

12.  1 

13-1 

12.6 

12.6 

II. 5 

13-1 

12.4 

II. 5 

13-1 

5 

12.2 

II. 7 

11.6 

II. 0 

II. 8 

II. 2 

11. 0 

11.2 

11.0 

11.8 

6 

II. 6 

II. 9 

12.7 

11.8 

12.0 

10.7 

II. 8 

11-3 

10.7 

12.7 

Average 

II. 8 

II. 4 

12.3 

II. 5 

II. 6 

11.2 

II. 8 

II. 5 

Minimum 

II. 0 

10.  j 

II. 5 

II. 0 

II. 6 

10.7 

10.6 

10.3 

Maximum 

12.7 

12.  1 

13.1 

12.6 

12.6 

II. 8 

13-1 

12.4 

Two  bleedings  were  taken  before  the  injection  so  that  each  bird  might  serve  as 
a  control  to  a  certain  extent.  The  birds  were  then  bled  on  the  2nd,  5th,  7th,  9th, 
12th,  and  14th  days  after  the  first  injection.  Analysis  showed  the  blood  Ca  level  to 
be  subject  to  fluctuation  to  a  certain  extent  as  was  evidenced  in  the  control  group 
as  well  as  in  the  experimental  groups.  The  results,  as  shown  in  tables  2  and  5,  did 

Table  5.  Effect  of  ovarian  extracts  on  blood  Ca  of  pullets 


Mg.  Ca/ 100  cc.  of  blood 


Group  No. 

Days  before 
injection 

Days  after  first  injection 

Days  after 
injection  ceased 

Min. 

Max. 

3 

I 

2 

1 

7 

9 

3 

5 

7 

II. 4 

12. 1 

12.  2 

12.2 

11.8 

II. 5 

II. 5 

11.2 

II. 2 

12.  2 

8 

12.4 

12. 1 

12.7 

12.6 

12.8 

II. 5 

12.2 

12.0 

II. 5 

12.8 

Ovary  9 

12.0 

II-3 

12.2 

II. 8 

II. 4 

II. 2 

12.2 

12.4 

II. 2 

11.4 

extract  10 

II. 8 

II. 0 

II. 4 

11.2 

II. 2 

II. 0 

II. 0 

II. 8 

II. 0 

II. 8 

II 

12.7 

10.6 

12.0 

12.0 

II. 8 

II. 5 

II. 6 

12.2 

II. 5 

12.2 

12 

II. 8 

II  .6 

12.4 

II. 8 

12.2 

12.9 

11.8 

12.4 

II. 8 

12.9 

Average 

12.0 

II-3 

12.  I 

II. 9 

II. 8 

II  .6 

II. 7 

12.0 

Minimum 

II. 4 

10.6 

II. 4 

11.2 

II. 2 

II. 0 

II. 0 

II. 2 

Maximum 

12.7 

12. 1 

12.7 

12.6 

12.8 

12.9 

12.2 

12.4 

13 

II. 4 

II. 9 

11.6 

II. 0 

11.2 

10.0 

12.0 

10.6 

10. 0 

12.0 

14 

12.0 

12.0 

13-1 

12.6 

12.0 

II. 8 

12.0 

— 

II. 8 

13 1 

Control  1 5 

II. 6 

II. 6 

II. 9 

12.6 

12.0 

II. 5 

II. 5 

II. 5 

II. 5 

11.6 

16 

II. 9 

11-3 

10.4 

10.6 

II. 4 

II. 0 

11.2 

II. 4 

10.4 

II. 9 

17 

— 

II.  I 

11.2 

II. 4 

II. 4 

10.6 

13. 1 

II. 4 

10.6 

131 

Average 

II. 9 

II. 7 

II. 6 

1 1. 6 

II. 5 

II. 0 

12.0 

II. 2 

Minimum 

II. 4 

11. 1 

11.2 

10.6 

II. 2 

10. 0 

11.2 

10.6 

Maximum 

12.9 

12.9 

13  I 

12.6 

12.0 

II. 8 

131 

II. 5 

not  indicate  a  significant  change  in  the  Ca  level  due  to  the  injection  of  either  extract. 
In  the  follicle  extract  injected  group  the  greatest  average  Ca  increase  exhibited  over 
its  own  average  control  value  was  0.5  mg.  and  over  the  average  of  the  control  group 
was  0.7  mg.  per  100  cc.  of  blood.  On  the  other  hand,  on  one  occasion,  the  average 
Ca  of  the  injected  group  fell  to  0.6  mg.  below  that  of  its  own  average  control  value, 
and  0.2  mg.  below  that  of  the  control  group.  Figures  i  and  2  show  these  fluctuations 
with  that  of  the  controls  as  well.  Of  the  group  injected  with  the  extract  from,  whole 
ovaries  the  differences  were  not  even  as  obvious. 
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DISCUSSION 

The  results  of  this  research  have  a  bearing  on  the  effect  of  the  estrogenic  material 
from  the  various  sources  upon  the  blood  Ca  level  in  fowls.  No  extract  of  the  oviduct 
was  made  for  their  estrogenic  contents  as  Hart  and  others  (ii)  showed  that  the 
blood  Ca  of  the  pullets  with  the  oviduct  removed,  rose  at  maturity  to  the  level  of 
laying  hens.  Their  presence  then  has  no  effect  on  the  Ca  level.  Altmann  and  Hutt  (3) 
have  pointed  out  that  when  fresh  egg  yolk  was  introduced  intraperitoneally  that  a 
35%  rise  in  blood  Ca  was  noted.  The  authors  thought  that  since  fowls  were  made  ill 
by  so  much  foreign  material  in  the  peritoneal  cavity,  and  that  since  Altmann  and 
Hutt  claim  that  the  35%  rise  was  due  to  the  estrogenic  material  in  the  fresh  egg 
yolk,  that  to  extract  quantitatively  all  estrogenic  material,  and  inject  it,  would  not 
cause  the  fowls  to  become  ill,  and  hence  disturb  their  Ca  level  because  of  this  illness. 
Accordingly,  immature  ova  were  extracted  for  their  estrogenic  content,  assayed  and 
injected.  No  significant  change  could  be  noted  in  the  Ca  level.  The  dosage  given  was 
20  times  the  equivalent  of  the  estrogenic  material  contained  in  the  100  gm.  of  fresh 
egg  yolk  injected  by  Altmann  and  Hutt.  One  hundred  gm.  of  fresh  egg  yolk  accord' 
ing  to  our  assays,  contained  a  0.5  R.u.  Twenty  times  as  much  of  the  whole  ovary 
extract  was  injected  with  no  significant  change  in  blood  Ca  level.  This  would  still 
be  far  below  that  amount  administered  by  Marlow  and  Koch  (i)  of  200  r.u.  daily 
with  no  significant  changes.  However,  this  extract  was  from  an  avian  and  not  from 
a  mammalian  source  as  was  that  of  Marlow  and  Koch  (i).  Since  estrogenic  material 
is  not  thought  to  be  species  specific,  it  is  improbable  that  the  differences  reported 
by  the  two  investigators  can  be  attributed  to  the  source  of  the  material. 

CONCLUSIONS 

Since  the  introduction  intramuscularly  of  many  times  the  amount  of  estrogens 
as  reported  by  others,  and  since  this  is  still  far  below  that  introduced  by  one  of  us 
(H.W.M.)  all  with  no  significant  effect  on  the  normal  fluctuations  of  the  blood 
calcium  of  the  fowl,  the  authors  are  still  of  the  opinion  that  the  estrogenic  com- 
pounds  in  the  amounts  normally  found  in  the  body  have  not  been  proven  as  instru' 
mental  in  causing  a  significant  change  in  blood  calcium  level.  Although  the  blood 
calcium  of  fowls  shows  a  marked  rise  at  the  time  of  calcification  of  the  egg,  there  is 
not  suflicient  evidence  to  associate  this  rise  with  estrogenic  activity. 

Those  (12)  who  are  positive  of  changes  in  blood  calcium  due  to  injection  of  even 
crystalline  material  were  forced  to  give  mammoth  doses  over  a  long  period  of  time, 
which  is  thousands  of  times  more  than  the  calculated  amount  of  estrogens  contained 
in  a  fowl. 
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THE  EFFECT  OF  ADRENALECTOMY  ON 
THE  ANTERIOR  PITUITARIES  OF  FOWLS' 
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From  the  Kansas  State  Agricultural  Experiment  Station 
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MANHATTAN,  KANSAS 

Destruction  of  the  adrenal  glands  in  male  fowls  results  in  marked  reduction 
in  size  of  the  gonads  and  regression  of  the  head  furnishings  according  to 
the  work  of  Herrick  and  Torstveit  (i).  The  nature  of  the  effect,  however, 
permits  little  more  than  speculation  as  to  whether  the  adrenals  normally  exert  some 
influence  on  the  gonads  directly,  or  on  some  other  part  of  the  body  that  in  turn  influ' 
ences  the  gonads  and  head  furnishings.  That  the  pituitary  might  play  a  part  as  an 
intermediary  was  an  attractive  possibility.  This  contingency  is  not  wholly  without 
support  since  in  Addison’s  disease,  characterized  by  dysfunction  of  the  adrenal  cortex, 
marked  alterations  of  the  basophils  in  the  anterior  pituitary  have  been  described 
(2-8).  Kraus  states  that  basophils  which  were  present  after  prolonged  Addison’s 
disease  exhibited  various  aspects  of  degeneration — pycnotic  nuclei,  degranulation, 
shrunken  and  irregular  form,  and  indistinct  cell  borders.  The  experimental  evidence 
from  bilaterally  adrenalectomized  animals  has  been  decidedly  controversial,  however. 
Moehlig  and  Bates  (9)  report  hyperplasia  of  the  pituitary,  especially  of  the  basophils, 
after  bilateral  adrenalectomy  of  1 1  dogs.  Martin  (10)  found  in  white  rats  that  com' 
plete  suprarenalectomy  caused  a  decrease  in  size  and  staining  reaction  of  the  acido' 
phils  with  a  variable  effect  on  the  basophils.  No  cytological  changes  were  found  in 
the  anterior  pituitaries  of  25  bilaterally  adrenalectomized  dogs  (8^  Decrease  in  the 
number  of  basophils  in  dogs  with  chronic  adrenal  insufficiency  has  been  reported 
(ii,  12).  More  recently,  Reese,  Koneff  and  Akimoto  (13)  reported  that  after  adrenal' 
ectomy  in  the  rat,  there  was  degranulation  and  decrease  in  size  of  the  acidophils  and 
degeneration  of  the  basophils. 

It  seemed  reasonable  to  expect  that  at  least  some  reflection  of  the  sexual  dis' 
turbance,  which  was  taking  place,  would  appear  as  an  alteration  in  the  pituitary 
cytology.  To  determine  if  this  were  true,  the  pituitaries  from  adrenalectomized 
fowls  were  studied. 

METHODS 

The  adrenal  glands  were  destroyed  in  10  adult  male  single  comb  White  Leghorn 
chickens  by  the  method  of  Herrick  and  Torstveit  (i).  Immediately  after  the  second 
adrenal  was  removed,  the  comb  and  left  testis  were  measured,  the  bird  was  weighed, 
and  1  cc.  of  eschatin  (Parke,  Davis  6?  Company  adrenal  extract)  was  injected  to 
prevent  death  from  the  sudden  lack  of  adrenal  secretion.  The  chickens  were  provided 
with  an  adequate  diet  and  an  unlimited  supply  of  drinking  water  containing  16  gm. 
of  NaCl  per  liter.  When  the  comb  showed  signs  of  becoming  limp,  pale  and  reduced 
in  size,  the  bird  was  reopened  and  the  left  testis  measured.  If  the  testis  had  regressed 
to  about  one'half  its  previous  size,  the  bird  was  killed  and  its  pituitary  removed  and 
prepared  for  cytological  examination.  Ten  other  normal  adult  male  chickens  of  ap' 
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proximately  the  same  age  were  killed,  and  their  pituitaries  removed  for  cytological 
study,  to  serve  as  controls. 

In  order  to  compare  also  the  effects  of  adrenalectomy  and  castration  on  the 
pituitary,  the  pituitaries  from  5  capons  were  prepared  for  examination. 

The  modification  of  Mallory’s  trichrome  stain,  as  described  by  Rasmussen  (14), 
was  used  to  stain  all  the  pituitaries,  which  were  serially  sectioned  at  5  micra.  The 
glands  were  sectioned  horizontally  and  4  sections,  taken  at  equidistant  levels  from 
the  dorsal  to  the  ventral  surface,  were  studied  in  detail. 


Degenerating  cells,  similar  or  identical  to  those  described  by  Kraus  (2),  as  well 
as  some  which  are  commonly  referred  to  as  Crooke's  cells,  appeared  to  be  abundant 
in  the  anterior  pituitaries  of  the  adrenalectomized  birds.  A  few  of  these  cells  appeared 
in  the  glands  of  the  normal  birds,  possibly  showing  that  some  small  percentage  of  the 
cells  are  continually  degenerating. 

The  number  of  these  degenerating  basophils  was  counted  in  each  of  the  chosen 
sections,  and  the  area  of  each  section  was  measured.  The  average  number  of  de' 
generating  basophils  per  unit  area  was  determined  in  each  section  so  that  a  more 
uniform  basis  could  be  used  for  comparison  of  the  normal  and  adrenalectomized  birds. 

When  results  from  the  40  complete  sections  of  the  normal  birds  were  combined, 
there  was  an  average  of  25.81  degenerating  basophils  per  sq.  mm.  of  sectioned  tissue, 
w'hile  the  combined  results  of  the  40  sections  of  adrenalectomized  birds  showed  an 


Degenerating 
basophils 
per  sq.  mm. 
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average  of  67.90  degenerating  basophils  per  sq.  mm.  (table  i).  This  suggests  that  the 
number  of  actively  secreting  basophils  was  being  depleted  3  times  faster  in  the 
experimental  fowls  than  in  their  controls. 

Cytological  examination  of  the  pituitaries  of  the  capons  showed  a  striking  increase 
in  size  and  number  of  apparently  overactive  basophils,  as  is  described  frequently  in 
the  literature  for  other  species.  This  effect  seems  to  be  exactly  opposite  to  that 
observed  after  removal  of  the  adrenal  glands. 

■■■  _ ^  DISCUSSION 

The  results  of  adrenalectomy  were  substantially  the  same  as  those  which  were 
described  by  Herrick  and  Torstveit  (i);  the  testes  in  all  cases  became  much  reduced 
in  size,  and  the  external  appearances  of  the  birds  suggested  those  of  capons.  The 
weights  of  all  birds  indicated  that  degeneration  of  the  gonads  was  not  due  to 
malnutrition. 

The  appearance  of  the  normal  pituitary  agreed  fairly  well  with  descriptions  of 
cell  proportions  in  other  species,  such  as  man  and  the  rat.  More  than  one'half  of  all 
the  cells  of  the  anterior  lobe  were  chromophobes,  about  30  to  40%  were  acidophilic, 
while  the  remainder  were  basophilic.  Basophil  cells  in  all  stages  of  granulation  and 
degranulation  could  be  seen  in  these  preparations.  According  to  the  theories  of 
Severinghaus  (6),  Trautmann  (15)  and  Collin  (16),  a  certain  number  of  basophils, 
after  giving  off  their  granules,  revert  to  the  chromophobic  state,  and  instead  of 
becoming  granulated  again,  are  infiltrated  with  colloid,  or  hyaline  material  as  stages 
of  degeneration.  In  pituitaries  of  the  adrenalectomized  birds  a  perfectly  integrating 
series  of  these  degenerating  cells  could  be  observed.  From  the  development  of  deep 
blue  hyaline  material  by  a  flowing  together  of  cytoplasmic  droplets  followed  by  pro- 
gressive  vacuolization,  only  a  few  strands  of  blue  connective  material  were  left  in 
the  cell  spaces.  The  same  phenomenon  was  observed,  but  less  frequently,  in  the 
anterior  pituitaries  of  the  normal  birds. 

It  is  believed  that  alterations  in  cellular  proportions  cause  changes  in  the  capacity 
of  the  gland  to  produce  given  responses.  If  the  colloid  infiltration  and  vacuolization 
of  these  basophils  is  their  way  of  degenerating  and  dying,  the  pituitaries  in  adrenah 
ectomized  birds  were  losing  their  active  basophils  3  times  as  fast  as  in  normal  birds. 
If  this  continued,  the  proportion  of  basophils  would  rapidly  decrease.  If  active 
basophilic  cells  release  gonadotropic  hormones,  as  is  commonly  recognized,  the 
reduction  in  number  of  this  cell  type  should  result  in  reduced  gonad  stimulation. 
This  provides  one  explanation  for  the  degeneration  of  testis  tissue,  and  reduced 
testis  size  in  adrenalectomized  male  fowls. 

To  show  that  these  pituitary  changes  were  not  a  result  of  gonad  decline  rather 
than  the  possible  cause  of  it,  the  pituitaries  of  castrates  were  compared  to  those  of 
the  adrenalectomized  birds.  In  all  castrates  the  characteristic  capon  comb  and 
feathering  had  developed,  and  externally  they  were  similar  to  those  without  adrenals. 
Their  pituitaries,  however,  contained  an  abnormally  high  proportion  of  large  granu- 
lated  basophils  of  the  active  type.  This  condition  is  exactly  the  opposite  of  the  situa¬ 
tion  in  adrenalectomized  birds,  thus  indicating  that  there  is  a  fundamental  difference 
between  the  two.  In  castrates,  it  is  probable  that  basophilic  hypertrophy  is  a  result 
of  the  cessation  of  inhibition  by  the  testicular  hormone;  while  in  the  adrenalectomized 
fowls  the  gonad  decline  is  believed  to  be  a  result  of  basophilic  degeneration  in  the 
pituitary.  However,  in  both  cases  there  is  a  reduction  or  complete  cessation  of 
testicular  secretion  which  results  in  the  similarity  of  secondary  sexual  characteristics. 
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SUMMARY 

A  detailed  study  of  the  pituitaries  of  10  adrenalectomized  fowls  indicated  that 
degenerating  basophilic  cells  were  approximately  3  times  more  numerous  than  in 
normal  fowls  of  similar  age.  The  pituitaries  of  castrate  fowls  of  similar  age  revealed 
few  degenerating  basophils  and  an  abundance  of  large  granulated  basophils  typical 
of  the  ‘castrate  type.’  It  is  believed  that  in  adrenalectomized  fowls  the  altered  pitui- 
tary  condition  is  not  a  result  of  testis  degeneration  but  is  probably  a  cause  of  it. 
This  leads  to  the  conclusion  that  adrenalectomy  causes  degeneration  of  the  testes 
indirectly  by  way  of  the  pituitary. 
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PROGESTATIONAL  ACTION  OF  DESOXYCORTICO^ 
STERONE  ACETATE  IN  SPAYED  ADRENALEC^ 
TOMIZED  CATS' -2 

JAMES  H.  LEATHEM  and  ROGER  C.  CRAFTS 
From  the  Department  of  Anatomy,  College  of  Physicians  and  Surgeons, 
Columbia  University 

NEW  YORK  CITY 

Desoxycorticosterone  has  been  shown  to  be  capable  of  producing  a  progesta¬ 
tional  type  of  endometrium  in  immature  rabbits  that  were  pretreated  with 
estrone  (1-5).  Hoffman  (6)  reported  that  this  hormone  could  induce  an 
estrous  type  of  endometrium  in  spayed  rabbits  and  that  with  continued  injections 
the  endometrium  would  become  of  a  progestational  type.  However,  Hohlweg  (2) 
did  not  obtain  this  initial  estrogenic  action  and  a  progestational  effect  in  rabbits 
was  obtained  only  after  the  animals  had  been  primed  with  estrone.  The  mating 
response  in  spayed  guinea  pigs  can  be  elicited  with  desoxycorticosterone  (3). 

In  the  experiments  reported  here,  efforts  were  made  to  determine  the  possible 
role  of  the  animal’s  own  adrenal  glands  in  the  progestational  activity  of  desoxycorticos- 
terone  acetate.  It  has  been  shown  that  progesterone  can  be  recovered  from  the 
adrenal  cortex  (7),  but  any  action  of  this  gland  in  the  intermediary  metabolism  of 
the  steroids  is  unknown. 

Cats  were  selected  for  these  experiments  because  of  the  ease  and  certainty  of 
adrenalectomy.  Furthermore,  according  to  Rowlands  and  McPhail  (8)  the  cat  is  not 
as  sensitive  to  progesterone  as  is  the  rabbit,  since  a  completely  pseudopregnant 
endometrium  was  not  obtained  by  them  after  the  administration  of  progesterone  in 
normal  estrogen  pretreated  cats. 

PROCEDURE 

The  earlier  observations  on  the  capacity  of  desoxycorticosterone  acetate  to  stimu¬ 
late  the  formation  of  a  progestational  type  of  endometrium  in  the  rabbit  were  con¬ 
firmed  on  4  immature  (i  kg.)  female  rabbits. 

Two  mature  female  cats  were  ovariectomized  and  a  portion  of  the  yterus  was 
removed.  Daily  intramuscular  injections  of  0.033  nig-  (33^  i-U-)  of  estradiol  benzoate 
were  started  on  the  day  of  operation  and  continued  for  10  days.  These  two  animals 
(cat  I,  6)  were  autopsied  on  day  11  and  served  as  controls. 

Six  mature  cats  were  ovariectomized,  a  portion  of  one  uterine  horn  being  taken. 
At  the  same  operation  the  right  adrenal  was  removed  from  each  cat.  Animals  exhibit¬ 
ing  large  uteri  or  corpora  lutea  in  the  ovaries  at  the  time  of  operation  were  not  used. 
A  portion  of  the  uterus  was  removed  before  treatment  was  instituted  to  check  the 
initial  state  of  the  endometrium,  since  5  cats  were  used  during  the  spring  season. 

*  Aided  by  a  grant  from  the  Rockefeller  Foundation,  administered  by  Dr.  Philip  E.  Smith. 

*  Acknowledgment  is  gratefully  made  to  Dr.  Earl  T.  Engle  for  suggesting  this  problem  and  for 
numerous  constructive  criticisms. 

•  The  authors  are  indebted  to  Dr.  E.  Schwenk  of  the  Schering  Corporation  for  the  estradiol  ben¬ 
zoate  (progynon-B)  and  the  progesterone  (proluton),  and  to  Mr.  R.  C.  Mautner  of  the  Ciba  Pharmaceu¬ 
tical  Products,  Inc.,  for  the  desoxycorticosterone  acetate. 
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Three  cats  were  tested  during  the  month  of  October  to  determine  whether  the 
endometria  were  less  responsive  during  the  anestrous  phase  of  the  cycle.  Starting 
on  the  day  of  operation,  estrogen  was  injected  intramuscularly  in  daily  doses  of  0.033 
mg.  for  10  days.  On  the  nth  day,  the  left  adrenal  gland  was  removed  and  daily  intra- 
muscular  injections  of  progesterone  (proluton)  or  desoxycorticosterone  acetate  were 
started.  The  adrenal  cortical  hormone  was  administered  to  5  cats  in  daily  doses  of 
10, 15  or  20  mg.  for  periods  of  5  to  9  days.  Uteri  were  removed  the  day  following  the 
last  injection  (table  i).  Two  cats  were  maintained  in  good  condition  until  autopsy, 
whereas  one  (cat  3)  was  dying  of  adrenal  insufficiency  on  the  6th  day  and  another 
(cat  2)  on  the  8th  day.  A  portion  of  uterus  was  removed  from  the  fifth  cat  (cat  8) 
after  9  days  of  synthetic  cortical  hormone  treatment,  at  which  time  hormonal  ad- 
ministration  was  discontinued.  This  cat  was  found  dying  of  adrenal  insufficiency  10 
days  later,  a  survival  period  of  20  days.  The  endometrium  had  regressed  markedly 
and  contained  only  a  few  glands.  No  attempt  was  made  to  study  the  life  maintaining 
activity  of  this  hormone.  The  sixth  adrenalectomized  cat  received  i  mg.  of  pro- 
gesterone  daily  for  8  days  and  was  autopsied  on  the  9th  day.  The  animal  was  then 
dying  of  adrenal  insufficiency. 

Table  i.  Response  of  the  endometria  of  mature  cats* 


Cat 

No. 

Body 

weight 

Operative 

Treatment 

Progestational 

endometrium 

gm. 

spayed 

I 

1610 

none 

negative 

6 

2820 

spayed 

none 

negative 

5 

3600 

spayed  and  adrenalectomized 

I  mg.  progesterone  daily 

go^ 

for  8  days 

Animals  receiving  desoxycorticosterone  acetate 

3 

1900 

spayed  and  adrenalectomized 

10  mg.  daily  for  5  days 

fair 

8 

1350 

spayed  and  adrenalectomized 

10  mg.  daily  for  8  days 

excellent 

2 

2100 

spayed  and  adrenalectomized 

15  mg.  daily  for  7  days 

good 

7 

2100 

spayed  and  adrenalectomized 

ly  mg.  daily  for  9  days 

good 

4 

2600 

spayed  and  adrenalectomized 

20  mg.  daily  for  9  days 

excellent 

‘  All  animals  were  pretreated  for  10  days  with  o.ojj  mg.  (332  i.u.)  of  estradiol  benzoate  daily. 


RESULTS 

The  uteri  of  the  cats  at  the  beginning  of  treatment  were  small  and  the  endometria 
contained  only  a  few  crypt  glands  around  the  lumen  (fig.  i).  After  the  administration 
of  estrogen  alone  a  general  uterine  hypertrophy  with  an  increase  in  the  myometrium 
and  stroma  was  observed.  The  endometria  exhibited  an  increase  in  the  number  and 
depth  of  the  glands,  being  a  typical  estrous  type  in  one  case  and  slightly  less  de^ 
veloped  in  the  other  (fig.  2). 

All  5  adrenalectomized  cats  which  received  desoxycorticosterone  acetate 
exhibited  a  progestational  type  of  endometrium.  In  all  cases  the  glands  were  lined 
with  tall  columnar  epithelium  with  the  nuclei  at  the  base  of  the  cell  indicative  of 
active  secretion.  A  50  mg.  total  dose  of  the  synthetic  cortical  hormone  in  5  days 
produced  a  slightly  less  pronounced  effect  on  the  endometrium  than  did  a  total  dose 
of  8  mg.  of  progesterone  in  8  days.  The  higher  doses  of  desoxycorticosterone  acetate 
produced  a  progestational  effect  comparable  with  or  more  pronounced  than  the  8 
mg.  total  dose  of  progesterone  employed  (fig.  3,  4).  The  largest  total  dose  of  desoxy' 
corticosterone  acetate  injected  (180  mg.  in  9  days)  caused  the  formation  of  a  progesta' 


Fig.  I .  Endometrium  of  a  normal  anestrous  cat  at  time  of  ovariectomy  (no.  6)  X6o.  Fig.  2. 
Endometrium  of  a  spayed  cat  after  10  daily  injections  of  33 2  i.u.  of  estradiol  benzoate  (no. 
6)  X60.  Fig.  3.  Endometrium  of  a  spayed-adrenalectomized  cat  treated  with  10  daily  injec¬ 
tions  of  332  I.u.  OF  estradiol  benzoate  and  followed  by  8  DAILY  INJECTIONS  OF  I  MG.  OF  PROGESTERONE 
(no.  5)  X60.  Fig.  4.  Endometrium  of  a  spayed-adrf.nalectomized  cat  treated  with  10  daily  injec¬ 
tions  OF  332  I.u.  OF  estradiol  BENZOATE  AND  FOLLOWED  BY  9  DAILY  INJECTIONS  OF  20  MG.  OF  DESOXYCORTI- 
COSTERONE  ACETATE  (nO.  4)  X60. 
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tional  type  of  endometrium  comparable  to  the  endometrium  of  a  normal  pseudo' 
pregnant  cat. 


SUMMARY 

The  progestational  activity  of  desoxycorticosterone  acetate  in  the  spayed 
immature  rabbit  was  confirmed.  A  progestational  type  of  endometrium  was  pro- 
duced  in  spayed'adrenalectomized  cats  by  the  administration  of  desoxycorticosterone 
acetate.  The  cats  were  pretreated  with  estradiol  benzoate.  Therefore,  it  may  be 
concluded  that  the  progestational  action  of  desoxycorticosterone  acetate  in  cats  is 
not  dependent  upon  the  presence  of  the  animal’s  own  adrenal  glands.  Furthermore, 
the  uterine  response  elicited  is  comparable  to  that  obtained  with  progesterone. 

REFERENCES 

1.  Meischer,  K.,  W.  H.  Fischer  and  E.  Tschopp:  'Mature  142:  435.  1938. 

2.  Hohlwec,  W.:  Ztschr.  f.  Gynal{.  63:  1143.  1939. 

3.  VAN  Heuverswvn,  J.,  V.  J.  Collins,  W.  L.  Williams  and  W.  U.  Gardner:  Proc.  Soc.  Exper.  Biol.  & 
Med.  41:551- 1939- 

4.  Wells,  J.  A.,  and  R.  R.  Greene:  Am./.  Physiol.  126:  652.  1939. 

5.  de  Fremery,  P.,  and  R.  W.  Spanhoff:  Acta.  hrev.  neerl.  9:  79.  1939. 

6.  Hoffman,  F.:  Zentralbl. /.  Gynal{.  62:  2694.  1938. 

7.  Beall,  G.,  and  T.  Reichstein:  Multure  142:  479.  1938. 

8.  Rowlands,  I.  W.,  and  M.  K.  McPhail:  ^uart.J.  Exper.  Physiol.  26:  109.  1936. 


THE  EFFECT  OF  CORTIN  AND  THE  Na  FACTOR  ON 
ADRENALECTOMIZED  ANIMALS' 


FRANK  A.  HARTMAN,  LENA  A.  LEWIS,  JANE  E.  GABRIEL,^ 
HERBERT  J.  SPOOR  and  KATHERINE  A.  BROWNELL 
From  the  Department  of  Physiology,  The  Ohio  State  University 

COLUMBUS,  OHIO 

IN  1927  Baumann  and  Kurland  (i)  demonstrated  that  plasma  sodium  falls  in 
adrenal  insufficiency.  Six  years  later  Loeb  et  al.  (2)  and  Harrop  et  al.  (3)  showed 
that  this  was  due  to  loss  of  sodium  through  the  kidney.  Recently  we  (4)  have 
shown  that  the  disturbance  in  sodium  metabolism  is  due  to  a  separate  factor  without 
which  it  is  possible  to  maintain  life.  We  have  called  this  the  Na  factor.  The  hor- 
mone  essential  for  life  but  without  influence  on  sodium  retention,  we  designated  as 
cortin  (5).  In  this  paper  we  are  reporting  a  study  of  the  effects  of  cortin  and  the  Na 
factor  on  adrenalectomized  animals. 

Methods.  All  animals  were  selected  from  a  colony  which  had  been  kept  in  our 
laboratory  for  many  weeks  in  order  to  be  sure  that  they  were  in  good  condition  and 
that  they  thrived  under  laboratory  conditions.  The  dogs  and  cats  were  freed  from 
worms  as  indicated  by  low  eosinophil  count  and  the  dogs  were  immunized  against 
distemper.  Adrenalectomy  was  performed  in  2  stages  under  aseptic  conditions.  The 
second  operation  was  followed  by  treatment  with  whole  adrenal  extract  until  com- 
plete  recovery.  Dogs  were  fed  a  mixture  of  ground  Purina  Dog  Chow  and  beef  heart, 
while  cats  were  fed  canned  salmon,  beef  heart  and  milk.  Both  cats  and  dogs  were  fed 
cod'liver  oil  once  a  week.  Cats  were  also  given  “vitavose”  weekly.  Sodium  salts  were 
added  in  some  instances  as  noted  in  the  text.  All  cats  were  given  the  same  amount  of 
food  daily.  This  was  100  gm.  fresh  beef  heart,  50  gm.  of  canned  salmon  and  50  cc. 
of  milk.  Analysis  of  the  daily  food  intake  per  cat  yielded:  Na,  1.08  gm.;  K,  1.19  gm.; 
Cl,  1.64  gm.  and  P,  1.09  gm. 

The  dogs  varied  so  much  in  size  that  their  rations  were  adapted  to  each  individual. 
Dog  iM  (16  kg.)  received  daily,  500  gm.  of  fresh  beef  heart,  75  gm.  Purina  Dog  Chow 
and  2  gm.  of  NaCl  mixed  with  the  food.  This  diet  contained :Na,  i.6gm.;K,o  .6gm. 
and  Cl,  1.8  g.  Dog  2M  received  somewhat  more,  viz.,  600  gm.  of  beef  heart,  100  gm. 
of  Purina  Chow  and  2  gm.  of  NaCl.  Dogs  ig  and  20  received  daily,  300  gm.  beef 
heart  and  70  gm.  Purina  Dog  Chow  but  no  salt,  while  the  effect  of  whole  extract  or 
of  cortin  was  being  studied.  When  Na  factor  was  being  studied  2  gm.  of  NaCl  re- 
placed  the  Purina  Chow  because  the  animals  disliked  the  Purina-beef  mixture  at  this 
time.  The  dog  food  was  thoroughly  ground  and  mixed.  According  to  the  observation, 
in  one  dog  the  addition  of  2  gm.  of  NaCl  to  the  diet  made  no  difference  in  the  plasma 
Na  level  even  when  cortin  alone  was  given. 

Extracts.  Whole  extract  was  obtained  from  the  whole  adrenal  by  the  acetone 
method.  It  contained  both  cortin  and  Na  factor  (5).  Unless  otherwise  stated  it  was 
prepared  from  beef  adrenals. 


*  Aided  by  grants  from  the  Rockefeller  Foundation,  The  National  Research  Council  Committee  on 
Research  in  Endocrinology,  and  the  Comly  Fund  of  The  Ohio  State  University. 
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An  extract  containing  cortin  alone  was  made  by  the  ether-water  distribution 
method  (5),  absence  of  the  Na  factor  being  demonstrated  by  testing  the  Na  retention 
effect  in  normal  dogs.  The  cortin  content  was  assayed  by  the  cat  method  (5).  Cortex 
rather  than  whole  gland  tissue  was  employed  whenever  possible  because  it  gave  a 
much  higher  yield  of  cortin  in  the  finished  extract. 

Na  factor  was  obtained  as  a  precipitate  by  treating  an  ethylene  dichloride  solution 
with  petroleum  ether  (5).  The  active  substance  was  dissolved  either  in  10%  ethyl 
alcohol  or  in  5%  propylene  glycol.  Desoxycorticosterone  acetate  was  dissolved  in 
peanut  oil  (5  mg.  per  cc.).  All  extracts  were  injected  subcutaneously  twice  daily 
unless  there  were  signs  of  insufficiency  when  the  frequency  might  be  increased  to 
three  or  four  times  daily.  Na  factor  assays  are  in  dog  units  (5). 

Blood  was  obtained,  without  an  anesthetic,  from  the  jugular  vein  in  the  cat  and 
the  radial  vein  in  the  dog.  Care  was  taken  to  avoid  stasis.  Cats  were  bled  at  long 
intervals  to  minimize  stress.  The  normal  values  for  both  dogs  and  cats  included  in 
this  report  were  obtained  after  the  animal  had  been  on  the  experimental  diet  for 
several  days.  The  methods  for  electrolyte  determination  are  described  elsewhere  (6). 
Urea  nitrogen  was  determined  by  the  method  of  Van  Slyke  (7)  and  glucose  by  the 
Somogyi  modification  of  the  Shafer-Hartmann  method  (8).  The  volume  per  cent  of 
packed  erythrocytes  was  determined  by  the  method  of  Wintrobe  (9).  Heparin  instead 
of  oxalate  was  used  as  the  anticoagulant. 

Blood  pressure  was  taken  directly  with  a  mercury  manometer  through  a  hypo¬ 
dermic  needle  inserted  into  the  femoral  artery.  No  anesthetic  was  employed.  The 
dogs  were  trained  so  that  they  were  undisturbed  by  the  procedure. 

RESULTS 

Cats.  Six  cats  were  studied  for  periods  of  time  ranging  from  4  to  8  months  after 
removal  of  the  second  adrenal.  The  effects  of  whole  extract,  cortin,  Na  factor,  Na 
factor  plus  cortin  and  desoxycorticosterone  acetate  were  compared.  In  all  cats,  cortin 
alone  was  used  longer  than  any  other  single  treatment  because  we  wished  to  know 
whether  or  not  the  animal  could  survive  without  the  Na  factor.  The  Na  factor  was 
not  used  for  long  periods  because  the  animals  did  not  do  well  while  this  was  the  sole 
treatment.  Studies  were  also  made  after  limited  periods  of  insufficient  treatment. 
The  insufficiency  was  not  permitted  to  proceed  far  because  of  the  danger  of  sudden 
death.  The  degree  of  insufficiency  was  indicated  by  loss  in  appetite  but  never  reached 
a  critical  level.  During  insufficiency  and  subsequent  recovery  the  resulting  weight 
reduction  was  never  greater  than  200  gm. 

Adrenal  insufficient  cats  could  be  returned  to  normal  appetite  and  behavior  by 
means  of  cortin  alone  when  givei*-in  sufficient  quantity.  On  the  other  hand  it  seemed 
impossible  to  bring  about  recovery  from  insufficiency  on  Na  factor  alone. 

If  Na  factor  alone  is  used  we  have  not  determined  the  amount  needed  to  main¬ 
tain  a  cat  in  good  condition.  Three  adrenalectomized  cats  were  treated  solely  with 
this  factor  for  19  days,  8  u  injected  twice  daily.  Only  on  6  nonconsecutive  days  did 
they  eat  their  full  ration.  At  other  times  they  left  from  one-third  to  two-thirds  of 
their  food.  One  animal  lost  about  4%  in  weight  while  the  others  lost  none.  A  fourth 
,  adrenalectomized  cat  was  injected  with  7  u  of  Na  factor  twice  daily  for  33  days.  He 
ate  his  full  ration  on  6  days  leaving  one-third  to  two-thirds  of  it  on  other  days,  yet 
he  lost  only  5%  in  weight.  In  spite  of  little  or  no  weight  loss  these  animals  did  not 
appear  normal.  They  lost  interest  in  their  surroundings  and  failed  to  keep  themselves 
clean.  They  responded  sluggishly  to  stimulation  reacting  as  though  they  felt  ill, 
making  little  effort  to  avoid  the  needle.  Cats  treated  with  desoxycorticosterone  ace- 
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tate  (doca)  appeared  similar  to  those  treated  with  Na  factor.  Six  adrenalectomized 
animals  were  carried  for  periods  of  time  ranging  from  14  to  38  days  on  this  treatment 
alone.  All  of  them  appeared  lazy  but  more  irritable  than  usual  while  injected  with 
desoxycorticosterone  acetate;  none  lost  weight. 

The  quantity  of  desoxycorticosterone  acetate  required  to  maintain  an  adrenalec' 
tomized  cat  apparently  depends  upon  the  clinical  condition  of  the  animal  at  the  be' 
ginning  of  treatment.  Three  animals  treated  with  desoxycorticosterone  acetate,  as 
soon  as  they  had  recovered  from  the  removal  of  the  second  adrenal  (ii,  13,  20  days), 
were  maintained  in  fair  clinical  condition  and  with  normal  appetite  on  0.6  mg.  of  the 
substance  daily.  Three  other  animals  required  much  greater  quantities.  Cat  HS,  pre' 
viously  maintained  on  extract  for  73  days  and  seemingly  normal  required  2.5  mg.  per 
day  to  retain  his  appetite.  Cat  ES,  which  was  in  a  state  of  mild  insufficiency  before 
desoxycorticosterone  acetate  treatment  was  instituted,  could  not  be  returned  to 
normal  behavior  or  appetite  with  5  mg.  daily;  also  cat  DC,  while  suffering  from  a 
mouth  infection  showed  no  improvement  on  10  mg.  daily,  both  appetite  loss  and 
infection  remaining  unchanged.  It  had  been  possible  previously  to  clear  up  a  similar 
infection  in  this  animal  by  treatment  with  adrenal  extract. 

The  plasma  Na  level  appears  to  be  determined  by  the  amount  of  Na  factor  in' 
jected.  When  this  factor  is  absent,  as  with  cortin  treatment,  the  plasma  Na  remains 
at  the  basic  level  characteristic  of  adrenal  insufficiency  (fig.  i).  In  spite  of  this,  while 


o 

o 


Fig.  I.  Effect  of  various  preparations  on  the  plasma  electrolytes 

OF  AN  ADRENALECTOMIZED  CAT. 


adequate  cortin  is  given,  the  animal  appears  normal  in  appetite  and  in  all  reactions  to 
his  surroundings.  Cats  have  been  carried  for  130  days  with  cortin  alone  (DC  and 
ES,  fig.  2)  and  from  all  indications  they  might  have  continued  indefinitely  with  such 
treatment.  It  should  be  pointed  out  that  the  dosage  of  cortin  was  high.  This  was  due 
to  the  desire  to  maintain  a  large  margin  of  safety.  At  the  minimal  dosage  it  is  difficult 
to  avoid  occasional  insufficiency.  Moreover  the  withdrawal  of  blood  at  intervals 
increased  the  requirements. 
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cat  FF,  5  m  Eq.  for  5  times  the  dosage;  cat  GT,  no  increase  for  5  times  the  dosage  and 
cat  HA,  5  m  Eq.  for  3  times  the  dosage. 

It  seemed  desirable  to  study  the  effect  of  injecting  both  cortin  and  Na  factor  at 
the  same  time  in  order  to  compare  the  results  with  those  found  for  whole  extract. 
Although  the  dosages  were  not  the  same  as  that  for  each  factor  in  the  whole  extract, 

3  of  the  5  animals  studied  in  this  manner  (cats  DC,  ES  and  FF)  gave  plasma  Na  within 
2  m  Eq.  per  liter  of  the  values  obtained  with  whole  extract.  A  fourth  animal  (HA) 
gave  a  plasma  Na  6  m  Eq.  higher,  while  a  fifth  (GT)  gave  a  lower  value. 

Desoxycorticosterone  acetate  was  injected  daily  into  3  adrenalectomized  animals. 
In  an  earlier  investigation  (5)  we  found  that  .1  mg.  of  this  substance  was  equivalent  to 
7.6  u  of  Na  factor  by  the  dog  assay.  The  same  quantity  (2.5  mg.)  was  injected  daily 
into  each  of  3  cats.  The  plasma  Na  levels  resulting,  ranged  from  150.2  to  157.8  m  Eq. 
per  liter  (fig.  2).  These  values  are  comparable  to  the  values  obtained  with  an  equiva^ 
lent  dose  of  Na  factor. 

There  is  considerable  range  in  plasma  potassium  in  normal  cats.  Twenty-three 
unoperated  animals  had  an  average  plasma  K  of  4.55  m  Eq.  per  liter,  ranging  from 
3.75  to  6.42  m  Eq.  per  liter.  In  our  observations  there  was  no  correlation  between  the 
plasma  levels  of  K  and  that  of  Na.  Adrenal  insufficiency  was  never  allowed  to  pro¬ 
ceed  far  enough  to  bring  about  a  high  K.  These  observations  suggest  that  the  plasma 
K  does  not  rise  above  normal  unless  the  animal  is  allowed  to  reach  a  very  marked 
state  of  insufficiency  and  that  either  factor  can  prevent  it.  In  other  words  it  does  not 
seem  to  be  due  to  lack  of  a  specific  factor. 

The  blood  urea  nitrogen  for  24  normal  cats  kept  under  our  experimental  condi¬ 
tions  averaged  17  mg.%,  ranging  from  7  to  30  mg.%.  Two  of  our  adrenalectomized 
cats,  DC  and  HA,  gave  values  above  the  highest  normal  when  treated  with  whole 
extract.  Three  cats  (ES,  FF,  GT)  of  the  4  tested,  gave  high  values  during  insuffi¬ 
ciency.  Animals  treated  with  Na  factor  alone  usually  gave  somewhat  higher  values 
than  when  treated  with  cortin  alone.  The  difference  was  marked  in  cats  FF  and  GT. 

Nothing  remarkable  was  observed  in  the  blood  sugars  under  treatment  with 
different  adrenal  factors.  We  determined  blood  sugar  in  one  animal  (ES)  only  during 
treatment  with  desoxycorticosterone  acetate  and  then  it  was  very  high. 

There  is  a  considerable  range  in  erythrocyte  volume  percentage  in  normal  cats. 
In  our  series  of  24  animals  we  found  it  to  be  36  to  52  vol.%  with  an  average  of  41.7 
vol.%.  The  greatest  range  observed  in  an  adrenalectomized  cat  (DC)  was  from  41  to 
59  vol.%,  a  difference  of  18  vol.%.  The  difference  between  the  high  and  low  values 
in  the  remainder  of  the  adrenalectomized  cats  was  8  to  ii  vol.%,  but  these  were  at 
lower  levels,  30  to  46.  There  was  no  indication  that  the  type  of  treatment  was  signifi¬ 
cant. 

From  our  observations  on  cats  it  appears  that  the  Na  factor  controls  primarily 
the  metabolism  of  sodium  but  has  no  direct  effect  on  the  potassium  or  urea.  Likewise 
with  the  range  of  dosage  used  there  was  no  effect  on  blood  sugar. 

Dogs.  The  effects  of  different  adrenal  factors  have  been  studied  in  four  adrenalec¬ 
tomized  dogs.  In  one  animal  the  effect  of  the  administration  of  sodium  salts  was  also 
studied.  This  dog,  20,  was  maintained  on  sodium  salts  alone  for  43  days.  She  received 
8  gm.  sodium  chloride  and  i  gm.  sodium  bicarbonate  added  to  the  amount  normally 
present  in  her  food.  This  was  administered  as  follows:  4  gm.  NaCl  plus  i  gm. 
NaHCOs  in  drinking  water  (1.2%  solution);  2  gm.  NaCl  added  to  the  food  and  2 
gm.  by  enteric  coated  capsule. 

Blood  studies  were  made  weekly.  Dogs  19  and  20  were  observed  for  more  than  a 
year  after  removal  of  the  second  adrenal.  During  the  period  of  convalescence,  NaCl 
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was  added  to  the  routine  treatment  with  extract.  As  in  the  cats,  insufficiency  in  dogs 
usually  was  not  permitted  to  reach  a  critical  level.  The  blood  of  3  animals  was  studied 
during  insufficiency.  Dog  iM  showed  marked  weakness  and  refused  food  the  day  that 
blood  was  taken  for  the  determinations  shown  in  the  chart.  Four  large  doses  of  whole 
extract  together  with  intravenous  glucosC'saline  were  employed  during  the  day  to 
bring  about  recovery.  This  was  the  most  marked  insufficiency  of  all  of  the  dogs.  Dog 
2M  showed  some  weakness  and  refused  food  on  the  day  that  blood  was  drawn.  A 
considerable  increase  in  extract  brought  about  recovery.  Dog  20  was  mildly  insuffi' 
cient  when  blood  was  drawn  as  shown  by  lessened  activity  and  a  reduction  in  appe^ 
tite.  Increasing  the  extract  by  one-third  produced  complete  recovery. 

The  results  in  dogs  were  similar  to  those  obtained  in  cats.  If  the  Na  factor  was 
absent  as  in  cortin  treatment,  the  plasma  Na  was  low,  reaching  levels  characteristic 
of  adrenal  insufficiency.  With  cortin  the  low  plasma  Na  could  be  maintained  for 
months  yet  the  animal  was  apparently  normal  as  indicated  by  appetite,  weight  and 
behavior  (fig.  3,  4). 


Fig.  3.  Effect  of  various  preparations  on  the  plasma  electrolytes 

OP  AN  ADRENALECTOMIZED  DOG. 


On  Na  factor  alone  the  plasma  Na  rose,  especially  if  the  treatment  was  continued 
over  a  considerable  period.  It  took  about  a  week  before  there  was  a  decided  increase 
in  plasma  Na  (fig.  3).  On  sodium  salts  alone  the  plasma  Na  attained  the  normal  level 
(dog  20).  It  was  impossible  to  maintain  dog  19  by  similar  treatment  because  the  gastro- 
intestinal  tract  was  irritated  by  the  added  salts. 

.The  average  plasma  Na  for  15  normal  dogs  maintained  on  our  diet  was  146.5 
m  Eq.  per  liter  ranging  from  140.5  to  153.0. 

Our  data  on  dogs  indicate  that  the  type  of  treatment  does  not  influence  the  plasma 
potassium.  Dog  20  showed  the  highest  potassium  found  in  dogs,  viz.,  7.64  m  Eq.  per 
liter.  This  occurred  at  a  time  when  the  plasma  Na  was  135.3  Eq.  per  liter.  There 
was  some  clinical  evidence  of  insufficiency.  Increase  of  the  extract,  25%  for  one  week, 
reduced  the  K  to  6.21  m  Eq.  per  liter  and  the  blood  urea  to  10  mg.%  (from  20  mg.) 
and  increased  the  blood  Na  to  139.5  Eq.  per  liter  with  clinical  improvement.  In 
the  2  dogs  (19  and  20)  treated  with  cortin  and  Na  factor  independently,  the  plasma 
K  was  considerably  higher  with  cortin.  On  the  other  hand  the  plasma  K  in  dogs  iM 
^md  2M  while  treated  with  cortin  alone  was  similar  to  that  before  adrenalectomy 
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The  average  plasma  K  for  14  normal  dogs  was  4.7  ranging  from  4.3  to  5.2  m  Eq.  per 
liter. 

No  significant  changes  were  shown  in  the  blood  urea  unless  insufficiency  deveh 
oped  when  there  might  be  a  marked  increase.  However,  the  urea  was  high  on  sodium 
salts  alone  in  the  one  dog  studied,  20.  Her  appetite  and  activity  indicated  that  she 
was  in  good  condition.  The  average  blood  urea  nitrogen  for  14  normal  dogs  was  17.5 
mg.%  ranging  from  8  to  36  mg.%. 
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Indirect  evidence  that  a  separate  factor  might  be  responsible  for  sodium  retention 
is  to  be  found  after  the  development  of  refractoriness  to  adrenal  extract  in  an  adrenab 
ectomized  animal.  Such  an  animal  may  be  maintained  in  apparently  normal  condition 
by  administration  of  extract,  but  the  plasma  sodium  remains  at  the  level  characteristic 
of  ordinary  adrenal  insufficiency  (13). 

The  first  direct  proof  that  the  Na  factor  is  distinct  from  cortin  was  obtained 
which  maintained  adrenalectomized  animals  in  good 
jence  on  retention  of  sodium  in  the  normal  dog  (4). 

V  What  is  the  function  of  the  Na  factor?  There  is  a  basic  level  for  plasma  sodium 
^which  is  maintained  in  the  absence  of  adrenal  products.  The  amount  of  Na  factor 
secreted,  with  few  exceptions  (e.g.,  certain  sex  hormones),  determines  the  plasma  sO' 

I  dium  level  above  this  point.  After  total  adrenalectomy  the  basic  level  is  reached  if 
the  survival  is  .sufficiently  long.  A  level  as  low  or  lower  can  be  attained  on  a  prolonged 
low  sodium  diet  together  with  artificial  depletion  in  normal  animals.  In  adrenalec' 
tomized  animals  treated  with  adrenal  preparations,  the  increase  in  plasma  sodium 
above  this  level  depends  upon  the  Na  factor  of  the  preparations  used.  If  cortin  alone 
is  present  the  plasma  sodium  level  is  basic;  while  with  Na  factor,  either  alone  or  with 
other  factors,  the  plasma  sodium  may  be  raised  to  normal  level  or  above.  With  large 
amounts  of  the  Na  factor  the  upper  limit  is  determined,  in  all  probability,  by  ability 
of  the  circulation  to  care  for  the  added  plasma  volume. 

The  total  plasma  sodium  may  increase  either  by  a  rise  in  plasma  sodium  concen^ 
tration  or  by  augmented  plasma  volume  with  little  or  no  change  in  sodium  concentra- 
tion.  If  there  has  been  marked  depletion,  as  in  adrenal  insufficiency  or  in  cortin 
treatment,  a  few  days  may  be  required  to  raise  plasma  sodium  concentration  to  the 
normal  level. 

The  function  of  cortin  is  not  definitely  known.  However,  it  does  seem  to  play 
some  part  in  the  activity  of  the  Na  factor.  When  whole  extract  is  administered  its 
Na  factor  content  is  much  more  effective  than  when  the  latter  is  given  separately. 
In  other  words,  cortin  seems  to  be  synergistic  in  the  action  of  the  Na  factor.  A  pos' 
sible  explanation  is  that  cortin  makes  the  tissues  more  responsive  to  Na  factor. 

It  appears  that  Na  factor  acts  especially  on  the  kidney.  It  might  also  act  on  tissues 
generally. 

The  amount  of  Na  factor  normally  secreted  must  be  enough  to  maintain  plasma 
sodium  at  the  normal  level.  If  is  best  indicated  by  the  least  amount  of  whole  adrenal 
extract  necessary  to  maintain  this  sodium  level,  because  normally,  cortin  is  undoubt' 
edly  secreted  simultaneously.  If  Na  factor  alone  were  secreted,  much  more  would 
be  required  to  produce  the  same  effect.  Therefore,  the  Na  factor  content  of  the  least 
amount  of  whole  extract  required  to  maintain  normal  plasma  sodium  is  probably  the 
amount  normally  secreted. 

Cortin  maintains  an  adrenalectomized  animal  in  good  condition  in  the  absence 
of  Na  factor.  It  does  so  despite  low  plasma  sodium.  In  normal  animals  there  is  no 
deleterious  effect  from  merely  lowering  the  plasma  sodium  (14)  unless  the  sodium 
reserves  are  depleted  and  the  condition  is  permitted  to  persist  for  days.  The  latter 
condition  is  accompanied  by  a  syndrome  resembling,  in  some  respects,  that  found  in 
adrenal  insufficiency.  McCance  (15)  found  that  sodium  depletion  in  man  resulted  in 
cramps,  weakness,  lassitude  and  severe  cardio-respiratory  distress  on  exertion.  There' 
fore  it  would  appear  that  marked  reduction  in  plasma  sodium  may  become  serious. 
When  symptoms  appear  from  low  sodium  in  an  organism  with  intact  adrenals  it 
would  seem  that  the  extra  cortin  needed  is  not  secreted.  It  may  be  possible  that  if  a 
considerable  amount  of  cortin  is  available  the  deleterious  effects  are  prevented,  be' 
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cause  our  adrenalectomized  animals  treated  with  adequate  cortin  appeared  normal  in 
spite  of  low  plasma  sodium.  It  would  be  interesting  to  determine  whether  cortin 
could  prevent  the  symptoms  resulting  from  sodium  depletion  in  man.  The  cats  men^ 
tinned  above  were  not  under  stress  while  the  humans  were  very  active. 

Cortin  may  be  more  important  than  Na  factor;  without  it,  it  is  much  more  diffi' 
cult  to  maintain  adrenalectomized  animals  on  Na  factor.  Moreover,  even  if  main' 
tained,  they  do  not  appear  to  be  perfectly  normal  in  their  reactions.  Maintenance  by 
either  factor  alone  probably  requires  readjustment  in  the  organism.  The  reduction  in 
appetite,  when  abrupt  transition  is  made  from  cortin  to  Na  factor,  indicates  this. 
Animals  treated  on  Na  factor  alone  seemed  to  be  less  resistant  to  infection.  Whether 
it  is  possible  to  carry  adrenalectomized  animals  indefinitely  on  Na  factor  alone  has 
not  been  determined.  Maintenance  of  weight  is  no  criterion  because  of  water  reten- 
tion  along  with  sodium  chloride.  It  seems  possible  to  maintain  adrenalectomized  ani' 
mals  indefinitely  on  cortin  alone.  However,  more  seems  to  be  required  than  if  some 
Na  factor  is  present.  Furthermore,  if  the  Na  factor  is  made  ineffective  by  the  deveb 
opment  of  refractoriness  more  extract  is  required  (13). 

Changes  in  the  adrenal  on  a  low  sodium  diet  further  indicate  their  involvement 
in  sodium  metabolism.  Observations  on  the  rat  show  first  an  increase,  and  later  a 
decrease  in  size  (16)  with  a  change  to  an  orange  color  (17). 

Our  results  indicate  that  reduction  in  plasma  sodium  can  occur  without  change  in 
plasma  potassium.  Indeed,  in  the  presence  of  adequate  cortin  without  Na  factor  the 
plasma  sodium  may  fall  to  the  level  characteristic  of  complete  adrenal  insufficiency 
without  change  in  potassium.  In  some  instances  there  is  a  moderate  rise.  With  Na 
factor  alone  there  may  be  very  little  change  in  plasma  potassium.  However,  a  few  cats 
showed  a  rise. 


SUMMARY 

Adrenalectomized  cats  have  been  maintained  in  good  condition  by  cortin  alone 
for  more  than  4  months.  The  plasma  sodium  in  these  cats  was  maintained  at  the  low 
level  characteristic  of  adrenal  insufficiency.  Adrenal  insufficient  cats  could  be  re' 
turned  to  normal  appetite  and  behavior  by  means  of  cortin  alone. 

Adrenalectomized  cats  could  be  kept  alive  for  considerable  periods  on  Na  factor 
alone.  Although  they  rarely  lost  weight,  they  did  not  appear  normal  in  their  reac' 
tions.  Adrenalectomized  cats  treated  with  desoxycorticosterone  acetate  appeared 
similar  to  those  treated  with  Na  factor. 

The  plasma  sodium  level  in  adrenalectomized  cats  was  determined  by  the  amount 
of  Na  factor  injected.  However,  when  no  cortin  was  present  more  Na  factor  was  re' 
quired  to  give  the  same  response. 

A  rise  in  plasma  potassium  did  not  seem  to  be  due  to  lack  of  a  specific  factor  but 
rather  to  insufficiency  resulting  from  inadequacy  of  both  factors.  In  other  words 
absence  of  one  factor  had  little  effect  if  the  other  factor  was  adequate. 

Blood  urea  in  the  treated  adrenalectomized  cats  was  somewhat  higher  than  nor' 
mal.  Those  treated  with  Na  factor  alone  were  usually  higher  than  those  treated  with 
cortin  alone. 

Nothing  remarkable  was  observed  in  the  blood  sugar  under  treatment  with  dif' 
ferent  adrenal  factors.  This  was  also  true  in  the  erythrocyte  volume  percentage. 
Similar  results  were  obtained  in  adrenalectomized  dogs. 

It  is  concluded  that  the  Na  factor  controls  plasma  sodium  but  has  no  direct  effect 
on  plasma  potassium,  blood  urea  or  blood  sugar.  Cortin  has  no  effect  on  sodium 
metabolism  except  by  enabling  the  Na  factor  to  be  more  effective.  Cortin  maintains 
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adrenalcctomizcd  animals  in  good  condition  at  low  plasma  sodium  levels  without  the 
Na  factor. 
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THE  EFFECT  OF  TWO  CORTIN^LIKE  COMPOUNDS 
UPON  THE  BODY  WEIGHT  AND  WORK  PERFORMANCE 
OF  ADRENALECTOMIZED  RATS 

DWIGHT  J.  INGLE 

From  the  George  S.  Cox  Medical  Research  Institute,  University  of  Pennsylvania 

PHILADELPHIA,  PENNSYLVANIA 

The  experimental  results  reported  in  this  paper  show  a  difference  in  the  effect 
of  ii'desoxycorticosterone  and  of  17'hydroxy'ii 'dehydrocorticosterone  both 
upon  body  weight  and  upon  the  capacity  to  continue  work,  so  that  the  con- 
elusion  has  been  reached  that  these  compounds  may  have  different  physiologic  prop' 
erties. 

Heron,  Hales  and  Ingle  (i)  described  a  procedure  for  subjecting  anesthetized  rats  to  con- 
tinuous  stimulation  of  the  loaded  gastrocnemius  muscle.  Under  suitable  experimental  condi' 
tions  a  high  rate  of  work  output  is  sustained  for  several  days  even  when  no  food  is  admin- 
istered.  Hales,  Haslerud  and  Ingle  (2)  found  that  muscular  responsiveness  was  lost  within  a 
few  hours  following  the  removal  of  the  adrenal  glands  but  that  the  ability  to  continue  work 
was  maintained  by  the  administration  of  potent  extracts  of  the  adrenal.  Ingle  (3)  adapted 
this  procedure  as  a  method  for  the  assay  of  adrenal  cortical  extract  (cortin).  There  were  four 
considerations  which  justified  its  trial  as  an  assay  method;  rapidity,  economy  of  the  test 
substance,  consistency  and  the  theoretical  consideration  that  it  was  desirable  to  require  that 
the  substitution  therapy  maintain  tlie  resistance  of  the  adrenalectomized  animal  to  a  severe 
stress  as  adequately  as  does  the  animal’s  own  adrenal  cortices.  It  was  expected  that  any 
deficiency  in  the  substitution  therapy  would  be  revealed  in  this  type  of  experimental  situa¬ 
tion.  This  method  was  used  to  assay  the  cortin  prepared  in  the  laboratory  of  Dr.  E.  C. 
Kendall  at  the  Mayo  Clinic  during  1934  to  1938.  During  the  beginning  of  this  work  good 
agreements  were  obtained  between  the  quantitative  results  of  assays  obtained  by  the  work 
test  and  by  the  dog  urea  test.  This  agreement  was  reported  (3)  but  was  not  substantiated 
by  later  work.  As  progress  was  made  in  the  purification  of  the  crude  extracts  it  was  found 
that  with  certain  preparations  the  assay  value  assigned  by  the  two  test  methods  failed  to 
agree.  The  cause  of  this  discrepancy  was  not  understood.  When  the  compound  17'hydroxy- 
II -dehydrocorticosterone  was  isolated  in  pure  form  it  was  found  to  be  active  in  the  work 
test  (4).  This  was  the  first  demonstration  of  a  cortin-like  activity  in  a  pure  compound.  Al¬ 
though  the  effect  of  this  compound  upon  work  was  quite  marked  and  was  consistently 
observed,  its  life-maintenance  activity  was  found  to  be  very  weak  (5,  6,  7).  Following  its 
preparation  by  synthesis  (8)  desoxycorticosterone  was  found  to  be  the  most  active  (9,  10,  ii) 
of  the  known  cortin-like  compounds  for  maintaining  the  life  of  adrenalectomized  animals.  In 
1938  it  was  observed  in  this  laboratory  (12)  that  when  adrenalectomized  rats  were  subjected 
to  the  work  test  immediately  following  operation  ii -desoxycorticosterone  and  its  acetate 
were  less  effective  than  1 7-hydroxy' ii-dehydrocorticosterone  in  maintaining  the  capacity 
to  work.  The  suggestion  was  made  that  the  compounds  differed  qualitatively  in  their  phys¬ 
iologic  effects.  It  was  recognized  that  this  difference  between  ‘life-maintenance’  activity 
and  ‘work’  activity  might  be  due  to  difference  in  the  efficiency  of  utilization  of  the  compounds 
in  different  test  situations. 

A  number  of  other  reports  have  indicated  that  more  than  one  kind  of  physiologic  activity 
is  represented  in  substances  occurring  in  the  adrenal  cortex.  Schmitz  and  Kuhnau  (13)  claim 
to  have  prepared  fractions  of  adrenal  cortical  extracts  possessing  qualitatively  different 
effects.  TTieir  findings  have  not  been  confirmed.  The  separation  of  a  principle  from  the 
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adrenal  cortex  essential  for  normal  lactation  has  been  reported  (14).  This  also  lacks  confirma¬ 
tion.  More  recently  the  separation  of  a  life-maintenance  factor  from  a  sodium-retaining  factor 
has  been  reported  (15).  In  1935  Kendall  (16)  reported  the  isolation  of  a  life-maintenance  factor 
and  of  a  separate  factor  essential  for  muscle  work.  Kendall  and  coworkers  (17)  had  earlier 
reported  the  isolation  of  a  crystalline  substance  which  was  described  as  the  life-maintenance 
hormone  of  the  adrenal  cortex.  This  substance  was  found  to  be  without  any  effect  upon  mus¬ 
cle  work.  Since  it  was  believed  at  that  time  to  possess  life  maintenance  activity  and  since 
its  mother  liquor  had  an  eflFect  upon  muscle  work  it  was  assumed  that  the  effect  on  survival 
and  the  effect  on  work  were  due  to  different  substances.  It  was  later  recognized  that  the 
crystalline  substance  was  devoid  of  life-maintenance  activity  as  well  as  work  activity  (18). 
Long  and  Lukens  (19)  noted  that  extracts  of  the  adrenal  cortex  which  maintained  life  in 
adrenalectomized  animals  were  apparently  incapable  of  restoring  the  carbohydrate  metabo¬ 
lism  of  such  animals  to  normal.  They  suggested  that  the  diabetogenic  factor  of  the  adrenal 
cortex  was  separate  from  the  ‘salt  and  water’  factor.  This  discrepancy  was  modified  when 
larger  doses  were  found  to  be  diabetogenic  (20,  21). 

Long,  Katzin  and  Fry  (21)  have  recently  observed  that  the  diabetogenic  activity  of  11- 
desoxycorticosterone  acetate  is  less  than  that  of  corticosterone  and  of  ii-dehydrocorticoster- 
one.  Jensen  and  Grattan  (22)  have  found  that  the  anti-insulin  effect  of  desoxycorticosterone 
acetate  is  much  less  than  that  of  corticosterone.  Rose  (23)  noted  that  large  amounts  of  11- 
desoxycorticosterone  acetate  were  required  to  maintain  a  normal  resistance  to  histamine  in 
adrenalectomized  rats. 

In  the  present  experiments  adrenalectomized  rats  were  treated  for  one  week 
with  1 1 -desoxycorticosterone  and  its  acetate,  1 7-hydroxy- ii -dehydrocorticosterone 
and  its  acetate.  At  the  end  of  this  period  the  animals  were  subjected  to  the  work  test. 
These  compounds  differed  in  their  effect  upon  body  weight  and  upon  work  perform¬ 
ance. 

METHODS 

Male  rats  of  the  Sprague  Dawley  strain  which  weighed  approximately  180  +  2.0 
gm.  were  used  in  these  experiments.  The  diet  was  Purina  Dog  Chow.  Bilateral  adre¬ 
nalectomies  were  performed  in  one  stage  under  ether  anesthesia.  ‘Soap  and  water’ 
cleanliness  was  maintained  and  no  postoperative  infections  or  other  complications 
developed.  The  animals  were  either  subjected  to  the  work  test  immediately  following 
the  operation  or  they  were  maintained  for  one  week  following  the  operation  and  prior 
to  the  beginning  of  the  work  test.  The  test  substances  were  dissolved  in  sesame  oil 
and  were  administered  by  subcutaneous  injection  twice  daily.  The  amount  of  sesame 
oil  was  kept  constant  at  i  cc.  per  day  for  each  rat.  For  the  work  test  the  animals  were 
anesthetized  with  phenobarbital  sodium.  The  left  gastrocnemius  muscle  of  each 
animal  was  weighted  with  100  gm.  and  stimulated  to  contract  three  times  per  second. 
Each  animal  received  5  cc.  of  water  at  the  beginning  of  stimulation  and  6,  24,  30,  48, 
etc.,  hours  later,  for  as  long  as  the  animal  continued  to  work.  In  experiment  i,  stimu¬ 
lation  of  the  muscle  was  continued  until  it  ceased  to  respond  or  for  a  maximum  of 
24  hours.  In  all  of  the  subsequent  experiments  stimulation  was  continued  until  the 
muscle  ceased  to  respond  in  every  instance.  The  details  of  the  method  have  been 
described  (1,3). 

EXPERIMENTS  AND  RESULTS 

Experiment  i  (fig.  i)  was  a  repetition  of  an  experiment  reported  in  an  earlier  paper 
(12).  A  sample  of  ii -desoxycorticosterone  kindly  supplied  by  Professor  Reichstein 
was  compared  to  17-hydroxy-ii-dehydrocorticosterone  for  its  effect  on  work.  Stimu¬ 
lation  of  the  muscle  was  begun  immediately  following  operation  and  was  continued 
until  the  muscle  ceased  to  respond  or  for  a  maximum  of  24  hours.  Doses  of  0.5  mg. 
of  1 7-hydroxy- 1 1 -dehydrocorticosterone  allowed  the  adrenalectomized  animals  to 
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work  in  a  nearly  normal  manner  but  no  effect  of  ii'desoxycorticosterone  was  ob' 
served.  After  decreasing  the  17'hydroxy'ii'dehydrocorticosterone  to  as  little  as 
0.125  mg.  per  dose  there  was  still  an  effect  on  work,  whereas  increasing  the  ii^desoxy- 
corticosterone  to  2.0  mg.  per  dose  was  required  to  obtain  an  approximately  equivalent 
effect. 


Fig.  1.  Work  performance  of  rats  subjected  to  the  stimulation  of  muscle  immediately  follow¬ 
ing  OPERATION.  The  maximum  period  of  stimulation  was  24  hours.  Each  recorder  revolution  is  equal  to 
approximately  400  gm.  cm.  of  work. 

In  experiment  2  (fig.  2,  3)  adrenalectomized  rats  were  studied  in  groups  of  four. 
In  each  experimental  group  one  rat  was  treated  with  ii'desoxycorticosterone,  the 


Fig.  1.  Body  weights  of  rats  (initial  wt.  180  gm.)  treated  for  7  days  following  adrenalectomy 
#  untreated;  O  ii'desoxycorticosterone;  X  ii'desoxycorticosterone  acetate;  A  17'hydroxy'ii'dehy' 
drocorticosterone,  Q  17'hydroxy'i  i-dehydrocorticosterone  acetate. 
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2nd  with  ii'desoxycorticosterone  acetate,  the  3rd  with  17'hydroxy'ii'dehydro' 
corticosterone  and  the  4th  with  17'hydroxy'ii'dehydrocorticosterone  acetate.  On 
the  7th  day  of  treatment  the  rats  were  weighed  and  subjected  to  the  work  test.  The 
individual  values  and  averages  for  weight  are  summarized  in  figure  2.  At  the  dosage 
level  of  0.06  mg.  per  day  the  rats  treated  with  ii-desoxycorticosterone  lost  in  body 
weight  and  those  treated  with  ii'desoxycorticosterone  acetate  gained  above  the 
initial  weight  of  180  gm.  With  the  higher  dosage  levels  all  of  the  rats  treated  with 
Ii'desoxycorticosterone  or  its  acetate  gained  above  the  initial  weight  and  all  of  the 
rats  treated  with  17'hydroxy'ii'dehydrocorticosterone  or  its  acetate  lost  weight. 
The  results  of  the  work  test  are  summarized  in  figure  3.  In  contrast  to  the  effect  on 
weight  the  work  performance  of  those  animals  treated  with  ii'desoxycorticosterone 


Fig.  j.  Work  performance  of  rats  treated  for  7  days  following  adrenalectomy.  The  stimula- 
tion  was  continued  until  muscular  responsiveness  was  lost.  #  untreated;  O  ii'desoxycorticosterone; 
X  Ii'desoxycorticosterone  acetate;  A  17'hydroxy'ii'dehydrocorticosterone;  Q  17'hydroxy'ii'dehy' 
drocorticosterooe  acetate. 

or  its  acetate  was  very  poor,  although  it  was  greater  than  for  untreated  animals. 
Even  when  10  mg.  per  day  of  ii'desoxycorticosterone  acetate  was  administered  the 
work  performance  remained  relatively  small.  The  work  performances  of  animals 
treated  with  17'hydroxy'ii 'dehydrocorticosterone  or  its  acetate  remained  inferior 
to  the  performances  of  animals  treated  with  ii'desoxycorticosterone  and  with  its 
acetate  at  dosage  levels  of  0.06,  0.125  and  0.25  per  day,  but  with  doses  of  i.o  and  2.0 
mg.  daily  the  performances  became  definitely  superior  even  though  these  animals  had 
lost  weight  to  approximately  the  same  extent  as  the  untreated  animals. 

In  experiment  3  (fig.  4,  5)  adrenalectomized  rats  were  again  studied  in  groups  of 
4.  In  each  experimental  group  one  rat  was  treated  with  ii'desoxycorticosterone,  the 
2nd  with  Ii'desoxycorticosterone  acetate,  the  3rd  with  a  mixture  (ratio  1:1)  of 
i7'hydroxy'ii'dehydrocorticosterone  and  ii'desoxycorticosterone,  and  the  4th  with 
a  mixture  of  the  acetates  of  these  two  compounds.  At  the  dosage  level  of  0.03  mg. 
per  day  some  of  the  rats  lost  weight  but  with  higher  doses  all  of  the  rats  gained  in 
weight  until  a  level  of  5.0  mg.  daily  was  reached,  at  which  all  of  the  animals  treated 
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with  ii'desoxycorticosterone  or  its  acetate  gained  in  weight  but  all  of  those  animals 
treated  with  5.0  mg.  per  day  of  the  mixtures  lost  weight.  This  is  a  characteristic 
effect  of  treatment  with  large  amounts  of  17'hydroxy'ii'dehydrocorticosterone.  The 
data  on  body  weight  is  summarized  in  figure  4.  At  the  higher  dosage  levels  the  amounts 


Fig.  4.  Body  WEIGHTS  OF  RATS  (initial  WT.  180  GM.)  TREATED  FOR  7  DAYS  FOLLOWING  ADRENALECTOMY. 
Mixtures  (Ratio  1:1).  #  untreated;  O  ii-desoxycorticosterone;  X  ii-desoxycorticosterone  acetate; 
A  17'hydroxy'ii'dehydrocorticosterone.  ii-desoxycorticosterone;  □  17'hydroxy'ii'dehydrocortico' 
sterone  acetate,  ii-desoxycorticosterone  acetate. 


MC.  PER  DAY 

Fig.  5.  Work  performance  of  rats  treated  for  7  days  following  adrenalectomy.  The  stimula¬ 
tion  was  continued  until  muscular  responsiveness  was  lost.  Mixture  (ratio  I'.i).  #  untreated;  O  ii- 
desoxycorticosterone;  X  ii-desoxycorticosterone  acetate;  A  17-hydroxy-ii-dehydrocorticosterone, 
ii-desoxycorticosterone;  Q  17-hydroxy-ii-dehydrocorticosterone  acetate,  ii-desoxycorticosterone 
acetate. 
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of  work  performed  by  the  animals  treated  with  mixtures  of  the  compounds  were 
superior  to  the  performances  of  the  animals  treated  with  the  single  compounds.  The 
values  for  work  are  summarized  in  figure  5. 

The  following  control  experiments  were  performed.  Five  rats  were  made  to  work 
on  the  7th  day  following  false  operations.  All  gained  in  weight  showing  a  range  of 
206  to  218  gm.  with  an  average  of  211.  The  values  for  work  ranged  from  87,645  to 
131,261  recorder  revolutions  with  an  average  of  112,164.  Five  similar  rats  were 
treated  with  i  cc.  of  sesame  oil  daily  by  subcutaneous  injection  for  7  days.  The  body 
weights  ranged  from  212  to  228  gm  with  an  average  of  221.  The  values  for  work 
ranged  from  103,117  to  146,770  recorder  revolutions  with  an  average  of  113,789. 

Ten  completely  adrenalectomized  rats  were  maintained  for  7  days  without  treat' 
ment.  The  body  weights  ranged  from  136  to  166  gm.  with  an  average  of  149.  These 
values  are  included  in  figures  2  and  4.  The  values  for  work  ranged  from  38  to  1319 
recorder  revolutions,  with  an  average  of  685.  These  values  are  included  in  figures 
3  and  5.  Ten  similar  rats  were  each  treated  with  1  cc.  of  sesame  oil  daily  for  7  days. 
The  body  weights  ranged  from  140  to  176  gm.  with  an  average  of  154.  The  values 
for  work  ranged  from  10  to  1,270  recorder  revolutions  with  an  average  of  576. 

DISCUSSION 

In  the  comparison  of  17'hydroxy'ii'dehydrocorticosterone  and  ii'desoxycor' 
ticosterone  the  dissociation  of  their  effects  on  body  weight  and  on  the  capacity  to 
continue  work  was  distinct.  Since  both  criteria  were  applied  to  the  same  animal  an 
explanation  of  the  dissociation  of  effects  seems  to  require  the  assumption  that  these 
two  compounds  differ  qualitatively  in  their  physiologic  properties.  The  problem  is 
complicated  by  the  apparent  coexistence  of  qualitatively  different  properties  in  the 
same  compounds.  Ingle  (12)  has  previously  discussed  this  question.  The  factor  of 
efficiency  of  utilization  is  unknown  in  all  tests  of  activity  of  hormones.  It  may  be  of 
sufficient  importance  to  produce  apparent  changes  in  the  quantitative  activity  of  a 
hormone  when  the  experimental  situation  is  changed.  In  all  of  the  previously  men- 
tioned  studies  which  are  relevant  to  the  question  of  qualitative  differences  in  the 
properties  of  cortindike  compounds,  the  factor  of  utilization  of  the  test  substance 
has  not  been  controlled.  Acceptable  proof  for  the  existence  of  qualitative  differences 
among  the  cortindike  compounds  will  therefore  require  the  simultaneous  application 
of  the  criteria  used  to  evaluate  differences  in  properties. 

The  poor  effect  of  ii'desoxycorticosterone  on  the  work  performance  of  adrenal- 
ectomized  rats  was  not  observed  by  investigators  using  the  Everse  de  Fernery  test 
(10).  Although  the  two  tests  are  based  upon  the  performance  of  stimulated  muscle 
they  are  actually  very  different  in  principle.  The  Everse  de  Fernery  test  is  an  acute 
procedure  in  which  the  muscle  is  stimulated  for  a  brief  period  and  the  extent  of  its 
recovery  following  a  rest  period  is  determined.  It  does  not  sample  the  capacity  of 
the  animal  for  continued  work.  The  procedure  used  here  involves  continued  stimula¬ 
tion  for  several  days  during  which  time  the  animal  must  mobilize  its  own  tissue  as  a 
source  of  energy  for  work.  It  is  a  form  of  stress  made  intentionally  severe  with  the 
object  of  revealing  physiologic  deficiencies. 

It  is  significant  that  the  range  of  performance  of  sham-operated  rats  was  still  far 
above  that  on  the  treated  adrenalectomized  animals  in  experiments  2  and  3.  The 
combination  of  the  2  substances  studied  here  may  still  be  qualitatively  deficient  or  the 
apparent  deficiency  may  be  due  to  our  failure  to  duplicate  physiological  conditions 
in  supplying  the  hormone. 
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The  loss  of  weight  observed  in  the  animals  treated  with  5.0  mg.  of  the  mixtures 
of  the  nonesterified  substances  and  with  the  mixtures  of  the  acetates  is  believed  to 
be  due  to  the  presence  of  17'hydroxy'ii 'dehydrocorticosterone  in  the  mixtures. 
Similar  losses  in  weight  occur  in  normal  rats  treated  with  2.5  mg.  daily  of  this  com' 
pound  (24). 

In  studies  on  partially  depancreatectomized  rats  Ingle  (24)  has  observed  that 
the  diabetogenic  activity  of  17'hydroxy' 11 'dehydrocorticosterone  is  much  more 
marked  than  that  of  ii'desoxycorticosterone.  At  present  it  does  not  seem  probable 
that  the  marked  effect  of  17'hydroxy'ii 'dehydrocorticosterone  upon  work  is  due 
entirely  to  its  greater  effect  upon  gluconeogenesis.  The  problem  of  this  relationship 
is  a  subject  of  investigation  in  this  laboratory. 

The  implications  of  these  and  similar  observations  noted  in  the  literature  deserve 
comment.  The  possibility  must  now  be  considered  that  the  adrenal  cortex  secretes 
two  or  more  hormones  and  that  there  is  no  single  prepotent  function  of  the  gland. 
Although  it  is  not  probable  that  each  of  the  many  functions  under  study  today  will 
be  found  to  have  a  hormone  associated  exclusively  with  that  function,  it  may  be  found 
necessary  to  conceive  of  the  adrenal  cortex  as  producing  its  physiologic  effects  through 
more  than  one  mechanism.  The  use  of  work  capacity  and  of  other  forms  of  stress  may 
continue  to  be  useful  as  criteria  of  normality  in  the  treated  animal,  but  it  is  apparent 
that  the  elucidation  of  the  results  obtained  in  this  study  is  most  likely  to  come  from 
penetrating  analysis  of  the  metabolism.  The  capacity  to  work,  maintenance  of  life, 
etc.,  are  not  individual  functions  but  are  probably  each  dependent  upon  a  multiplicity 
of  functions  which  should  now  become  the  subject  of  careful  analysis. 

SUMMARY 

Desoxycorticosterone  is  the  most  active  known  compound  in  its  life  maintaining 
capacity.  The  compound  17'hydroxy'ii 'dehydrocorticosterone  has  little  or  no  life 
maintenance  effect.  The  earlier  observation  has  been  confirmed  that  17'hydroxy'ii' 
dehydrocorticosterone  has  an  apparently  greater  effect  upon  the  work  performance 
of  adrenalectomized  rats  than  does  desoxycorticosterone  when  the  first  24  hours 
following  operation  are  used  as  a  test  period.  In  addition,  adrenalectomized  rats  hav' 
ing  an  initial  body  weight  of  180  gm.  were  treated  for  one  week  with  these  2  com' 
pounds  and  at  the  end  of  this  period  their  work  capacity  was  studied.  The  rats 
treated  with  desoxycorticosterone  gained  in  weight  even  when  the  doses  were  small, 
but  although  their  capacity  to  work  was  improved  over  that  of  untreated  animals, 
their  performance  was  poor  even  when  as  much  as  10  mg.  was  administered  daily. 
All  of  the  animals  treated  with  17'hydroxy'ii'dehydrocorticosterone  lost  weight 
to  the  same  extent  as  untreated  animals,  but  their  work  performance  was  improved 
above  that  of  the  animals  treated  with  desoxycorticosterone.  Similar  animals  treated 
with  a  mixture  of  desoxycorticosterone  and  17'hydroxy' 11 'dehydrocorticosterone 
performed  more  work  than  animals  treated  with  an  equal  quantity  of  the  single  sub' 
stances. 

The  findings  are  in  harmony  with  the  hypothesis  that  there  are  qualitative  differ' 
ences  in  the  biologic  effects  of  some  of  the  cortin'like  compounds. 

1  wish  to  express  my  appreciation  to  Dr.  H.  L.  Mason  and  Dr.  E.  C.  Kendall  of  the  Mayo  Clinic 
who  supplied  the  samples  or  ly-hydroxy-ii-dehydrocorticosterone  and  its  acetate;  Professor  T.  Reich' 
stein,  Pharmazeutische  Anstalt  der  Universitat,  Basel,  Switzerland,  who  supplied  a  sample  of  ii-desoxy' 
corticosterone;  Dr.  E.  Oppenheimer  of  the  Ciba  Company,  Summit,  New  Jersey,  who  supplied  samples 
of  Ii'desoxycorticosterone  and  its  acetate  (percorten);  and  Dr.  R.  D.  Shaner  of  Roche-Organon,  Inc., 
Nutley,  New  Jersey,  who  supplied  samples  of  ii'desoxycorticosterone  and  its  acetate  (doca). 


304 


DWIGHT  J.  INGLE 


Volume  17 


REFERENCES 

I.  Heron,  W.  T.,  W.  M.  Hales  and  D.  J.  Ingle:  Am.  J.  Physiol,  no:  357.  1934. 

1.  Hales,  W.  M.,  G.  M.  Haslerud  and  D.  J.  Ingle:  Am.  J.  Phystol.  112: 65.  1935. 

3.  Ingle,  D.  J.:  Am.  J.  Physiol.  116:  612.  1936. 

4.  Mason,  H.  L.,  C.  S.  Myers  and  E.  C.  Kendall:  J.  Biol.  Chem.  116:  267.  1936. 

5.  WiNTERSTEiNER,  O.,  AND  J.  J.  Pfiffner:  J.  Biol.  Chem.  1 16:  291.  1936. 

6.  Reichstein,  T.:  Helv.  Chim.  Acta.  19: 1107.  1936. 

7.  Kuizenga,  M.  H.,  and  G.  F.  Cartland:  Endoirinology  24:  526. 1939. 

8.  Steiger,  M.,  and  T.  Reichstein:  >iature  139: 925. 1937. 

9.  Thorn,  G.  W.,  L.  L.  Engel  and  H.  Eisenberg:  J.  Ex^t.  Med.  68:  161.  1938. 

10.  Waterman,  L.,  M.  Danby,  J.  H.  Gaarenstroom,  R.  W.  Spanhoff  and  I.  E.  Uyldert:  Acta  Brevia 
J^eerlandica  9:  75.  1939. 

11.  Mason,  H.  L.:  Endocrinology  25:  405.  1939. 

12.  Ingle,  D.  J.:  Endocrinology  26:  472.  1940. 

13.  Schmitz,  E.,  and  J.  Kuhnau:  Biochem.  Ztschr..259:  301.  1933. 

14.  Brownell,  K.  A.,  J.  E.  Lockwoood  and  F.  A.  Hartman:  Proc.  Soc.  Exper.  Biol.  &“  Med.  30:  783. 
1933- 

15.  Hartman,  F.  A.,  H.  T.  Spoor,  L.  A.  Lewis  and  J.  E.  Gabriel:  Am.  J.  Physiol.  126:  p.  527.  1939. 

16.  Kendall,  E.  C.:  J.A.M.A.  105:  477.  1935. 

17.  Kendall,  E.  C.,  H.  L.  Mason,  B.  F.  McKenzie,  C.  S.  Myers  and  G.  A.  Koelsche:  Proc.  Staff  Meet. 
Mayo  Clin.  9:  245.  1934. 

18.  Mason,  H.  L.,  C.  S.  Myers  and  E.  C.  Kendall:  }.  Biol.  Chem.  114:  613.  1936. 

19.  Long,  C.  N.  H.,  and  F.  D.  W.  Lukens:  J.  Exper.  Med.  63:  465.  1936. 

20.  Lukens,  F.  D.  W.,  and  F.  C.  Dohan:  Endocrinology  22:  51.  1938. 

21.  Long,  C.  N.  H.,  B.  Katzin  and  E.  Fry:  Endocrinology  26:  309.  1940. 

22.  Jensen,  H.,  and  J.  F.  Grattan:  Am.  J.  Physiol.  128:  270.  1940. 

23.  Rose,  B.:  Am.  J.  Physiol.  127:  780.  1939. 

24.  Ingle,  D.  J.:  Unpublished  data. 


I 

I 


j 


i 

L 


EXPERIMENTAL  SUPERFECUNDITY  WITH  PITUITARY 
GONADOTROPINS' 


HERBERT  M.  EVANS  and  MIRIAM  E.  SIMPSON 
From  the  Institute  of  Experimental  Biology,  University  of  California 

BERKELEY,  CALIFORNIA 

The  discovery  of  pituitary  and  placental  gonadotropins  naturally  led  to  in' 
quiry  if  the  reproductive  performance  of  animals  might  not  thereby  be  greatly 
increased.  Reference  is  made  particularly  to  the  possibility  of  thus  increasing 
the  number  of  mammalian  ova  capable  of  fertilization  and  normal  development. 
Superovulation  has  been  reported  by  many  observers  beginning  with  Smith  and 
Engle  (i)  in  1927.  Furthermore,  Engle  (2,  3)  reported  instances  of  the  implantation 
of  a  remarkable  number  of  embryos  (29)  in  mice  treated  with  mouse  pituitary  im' 
plants.  Cole  (4)  has  extended  former  work  in  this  field  by  the  treatment  of  young 
rats  with  the  gonadotropic  principle  in  pregnant  mare  serum. 

It  is  apparent  that  the  birth  of  a  higher  number  of  healthy  young  involves  an  in' 
crease  in  uterine  as  well  as  in  ovarian  function.  As  the  present  study  will  demonstrate, 
superovulation,  that  is,  the  liberation  of  an  increased  number  of  ova,  may  be  followed 
by  the  implantation  of  many  of  such  ova  without  increase  in  the  average  number  of 
young  born.  Indeed,  one  may  have  few  or  no  young  born  in  such  cases.  The  birth  of 
few  or  no  young  in  pregnancies  which  are  inaugurated  with  an  abnormally  high  num' 
ber  of  successfully  implanted  and  apparently  wholly  normal  embryos  is  almost  surely 
attributable  to  defects  in  uterine  function.  The  present  study  does  not  attempt  an 
analysis  of  such  uterine  deficiency;  it  reports  merely  the  fact  that  supernumerary 
implantations  may  be  produced  by  gonadotropins  and  that  a  surprising  number  of 
such  embryos  may  perish  and  undergo  intrauterine  resorption,  and  finally,  that 
instances  of  prolongation  of  the  span  of  gestation  are  common. 

As  regards  the  optimal  age  of  test  animals,  it  will  be  recalled  that  Cole  reported 
that  female  rats  in  the  period  immediately  preceding  sexual  maturity  were  preferable 
to  adults.  The  work  herein  reported  was  therefore  carried  out  with  animals  from  26 
to  34  days  of  age  at  the  beginning  of  the  experiments. 

Only  one  pituitary  gonadotropic  substance  was  used  in  this  study.  This  was  a 
potent  follicle  stimulating  hormone  (FSH)  capable  of  causing  the  resumption  of 
ovarian  follicular  growth  in  immature  hypophysectomized  rats  in  a  total  dose  of 
0.025  (MED).*  Various  levels  of  this  FSH  were  injected  into  normal  immature 


*  Aided  by  grants  from  the  Board  of  Research  of  the  University  of  California  and  the  Rockefeller 
Foundation,  New  York  City.  We  wish  to  acknowledge  assistance  from  the  Works  Progress  Administra¬ 
tion,  Project  No.  O.P.  6?'i'o8-62,  Unit  A-y. 

*  This  was  an  0.8  SAS  precipitate  prepared  by  the  method  described  in  an  earlier  paper  (5).  The 
method  consists  briefly  of  the  following  steps:  acetone  dried  sheep  pituitaries  are  extracted  with  40% 
alcohol.  The  40%  alcohol-soluble  material  is  extracted  with  acid  at  pH  4.1  and  the  extract  fractionated 
repeatedly  with  ammonium  sulfate.  Although  further  purification  of  FSH  has  occurred  since  this  prep¬ 
aration  was  made,  and  the  minimum  dose  of  FSH  preparations  is  now  o.ooy  mg.,  the  preparations  still 
show  the  same  biological  properties,  e.g.,  when  injected  subcutaneously  at  10  to  ly  times  the  minimal 
efiective  dose,  both  the  preparation  used  in  this  study  and  the  purest  current  preparation  cause  only 
follicular  development  and  leave  the  interstitial  tissue  deficient;  whereas  intraperitoneal  injection  of 
these  levels  causes  repair  of  deficient  ovarian  interstitial  tissue,  granulosa  luteinization  of  follicles  and 
corpus  luteum  formation.  Corpus  luteum  formation  occurs  at  slightly  lower  doses  in  normal  immature 
rats  than  in  hypophysectomized  rats. 
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female  rats  to  determine  the  optimal  dose  for  ovulation  and  superovulation.  It  was 
found  that  the  dose  level  could  be  too  high  as  well  as  too  low,  to  give  optimal  results. 
Doses  of  10  to  15  R.u.  gave  the  highest  number  of  acceptances  of  coitus,  occurrence 
of  the  erythrocyte  implantation  sign  and  actual  number  of  implantation  sites  (table 
i).  Higher  doses  (20  to  100  r.u)  were  progressively  less  successful,  and  lower  doses 
(5  R.u.)  inadequate.  The  poor  results  from  the  administration  of  high  dose  levels  were 
anticipated  from  the  common  experience  that  a  distortion  of  ovarian  phenomena 
results  from  excessive  dosage  (imprisonment  of  ova  in  corpora  lutea  due  to  luteiniza' 
tion  of  unripe  as  well  as  ripe  follicles). 


Table  i.  Effects  of  10  to  15  r.u.  of  FSH  in  i6  to  J4'DaY'Old  rats  contrasted  with  the 

REPRODUCTIVE  PERFORMANCE  OF  NORMAL  QO'DAY'OLD  RATS 


Type  of 
animal 

Number 

Bred 

Implanted 

Implantation  sites, 
number 

Number 

%  1 

Number 

%‘ 

Average  I 

Limits 

Injected 

177 

103 

58 

1  76 

7J 

17 

1-33 

Normal 

10,010 

9,118 

91 

8,57J 

86 

10 

1-19 

*  %  of  those  breeding. 


Knowing  that  the  particular  FSH  preparation  employed  was  low  in  the  interstitial 
cell  stimulating  factor,  and  therefore  in  the  thecal  luteinizing  factor,  it  was  decided 
to  see  the  effect  of  a  combination  of  this  pituitary  product  with  the  principle  in 
human  pregnancy  urine.  Experiments  were  carried  out  combining  variable  amounts 
of  FSH  with  different  amounts  of  chorionic  gonadotropin.  Higher  doses  of  the  last 
mentioned  substance  (5  to  10  u)  interfered  with  the  capacity  of  the  FSH  to  cause 
ovulation  and  implantation.  In  preliminary  experiments,  one  or  two  units  of  prolan 
seemed  to  increase  the  number  of  implantations  and  therefore  in  combination  ex" 
periments,  5  or  10  u  of  FSH  were  injected  with  i  u  of  prolan.  Table  2  shows  that 
the  results  from  such  combined  injections  were  not  significantly  better  than  those 
secured  with  the  injection  of  FSH  alone. 


Table  1.  Comparison  of  effects  on  superfecundity  of  FSH  given  alone  or  combined 

WITH  HUMAN  CHORIONIC  GONADOTROPIN  (l6  TO  J4'DAY'OLD  RATs) 


Total  dosage 

No. 

injected 

Bred 

Implanted 

Implantation  sites. 
No. 

FSH 

Prolan  | 

Number  | 

% 

Number 

%‘  1 

R.U. 

10 

R.U. 

I  ' 

187 

1  1 

70 

71 

19 

1-34 

10 

0 

117 

74 

63 

51 

70 

18 

1-33 

*  %  of  those  breeding. 


Animals  were  usually  killed  12  or  22  days  after  breeding®  and  the  implantation 
sites  were  counted.  Usually  more  than  60%  of  the  animals  injected  bred  and  im' 
plantations  occurred  in  70  to  80%  of  the  animals  which  bred.  The  maximum  number 
of  implantation  sites  was  34,  the  average  number  of  implantations  was  17.  This 

*  Judged  on  the  basis  of  plug  or  sperm  found  in  the  vaginal  canal.  The  females  .were  placed  with 
males  48  hours  after  the  onset  of  therapy.  Practically  all  of  the  animals  which  bred  did  so  between  48  to 
60  hours  after  the  onset  of  therapy;  those  which  did  not  breed  earlier  were  allowed  to  remain  with  males 
to  110  hours.  Weight  records  were  kept,  also  animals  were  watched  for  the  placental  sign. 
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average  number  of  sites  exceeds  by  at  least  7  the  number  of  implantation  sites  ob' 
served  in  our  normal  colony,  namely  10.^  Table  3  shows,  for  normal  and  precociously 
matured  animals,  respectively,  the  distribution  of  the  numbers  of  sites  in  relation  to 
this  average.  Fifty  to  sixty  per  cent  of  the  animals  have  as  many  or  more  implantation 
sites  than  the  maximum  group  of  the  normal  colony  (16  to  20  sites)  The  incidence 
of  the  numbers  of  implantation  sites  varies  uniformly  throughout  the  whole  range 
from  I  to  34,  that  is,  there  is  no  great  increase  in  the  incidence  in  the  range  of  the 
average.  The  maximum  number  of  sites  in  different  groups  is  surprisingly  constant 
(31  to  34). 

Table  j.  Distribution  of  number  of  implantation  sites  in  normal  and 

PRECOCIOUSLY  MATURED  RATS 


Number  of  implantation 
sites  (ii-ii  dy.) 

Frequency 

Normal 

FSH-|- Prolan 

10  R.U.+  l  R.U. 

FSH  alone 

10  R.U. 

FSH  alone 

15  R.U. 

Ji-35 

0 

10 

2 

I 

16-30 

0 

19 

8 

4 

21-25 

0 

16 

14 

3 

16-10 

13 

13 

9 

5 

ii-iy 

861 

16 

4 

3 

6-10 

1136 

7 

8 

5 

I-  5 

270 

II 

6 

4 

Total  animals 

1391 

91 

51 

15 

Average  number  of 

implantation  sites 

10 

19 

18 

16 

Some  animals  were  allowed  to  go  to  term.  It  will  be  seen  in  table  4  that  a  smaller 
proportion  of  the  animals  implanting  are  able  to  carry  their  litters  to  term  than  is 
the  case  normally  (at  the  best  71%  contrasted  with  91%  found  normally).  Resorp- 
tion  of  part  of  the  sites  is  frequently  observed  as  early  as  the  12th  day.  When  gesta' 
tion  was  completed  the  number  of  young  born  was  almost  never  in  excess  of  the 
normal;  the  young  were  frequently  smaller  than  average,  4.8  gm.  rather  than  5.9  gm. 

Table  4.  Litters  cast  when  certain  groups  of  experimental  animals 
WERE  allowed  TO  GO  TO  TERM 


Total  dose 

No. 

injected 

No. 

bred 

Litters 

Number 

% 

Ave.  No. 
of  young 

Ave.Wt. 
of  young 

Day  of 
littering 

FSH 

Prolan 

R.U. 

■HI 

mgm 

gm. 

■■■ 

15 

45 

71 

5 

5 

10 

15 

15 

8 

3 

10 

90 

1  “ 

36 

8 

5 

ISl 

(table  5).  Parturition  was  frequently  delayed;  living  young  were  born  as  late  as  day 
31.  Of  all  normal  animals  96%  gave  birth  to  young  on  or  before  day  22;  98%  of 
precociously  matured  rats  gave  birth  to  young  on  or  after  day  23.  In  cases  where 


*  The  average  first  litter  size  in  this  colony  is  9  (based  on  30,000  normal  female  rats.  Diet  I,  1931- 
1938)  The  numl^r  of  implantation  sites  is  one  greater  than  the  number  of  young  bom. 

‘  These  figures  are  all  the  more  striking  when  one  considers  that  16  young  are  bora  in  this  colony 
once  in  1000  litters;  17  young  once  in  5000  litters;  18  young  once  in  10,000  litters  and  19  young  once 
in  1,000,000  litters. 
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pregnancy  was  prolonged  there  was  a  corresponding  delayed  appearance  of  the 
erythrocyte  implantation  sign.  This  is  an  indication  that  implantation  is  delayed. 
The  disparity  between  the  greatly  increased  number  of  implantations  and  the  less 
than  normal  litter  size  in  the  cases  of  the  animals  that  went  to  term  is  due  chiefly 
to  resorption.  Resorption  frequently  begins  before  (or  around)  day  12  and  may  con' 
tinue  to  term.  Resorption  was  indicated  by  the  unusually  small  placental  sites  when 


Table  5.  Comparison  of  litters  of  normal  and  precociously  matured  rats 


Total  No.  of 

Litter  size 

Weight  of  voung. 

litters 

Average  no. 

Limits 

avc. 

gm. 

Experimental 

59 

6.4 

1-17 

4-8 

N  ormal 

1J9I 

9.0 

I-I8 

5-9 

autopsy  was  made  on  the  20  to  22nd  day,  by  hemorrhage  into  the  uterus  and  macera' 
tion  of  the  embryo.  In  the  Uving  aninial,  resorption  was  indicated  by  the  occurrence 
of  continuous  bleeding  from  the  vagina  from  day  15  to  term  and  by  failure  to  increase 
in  body  weight  at  the  maximum  rate.  Pregnancy  was  sometimes  further  prolonged 
by  the  prolongation  of  parturition,  the  animals  being  in  labor  2  days  or  more;  a  few 
mothers  died  during  parturition.  These  adverse  factors  sometimes  led  to  the  birth 
of  dead  young.  Living  young  were  frequently  subnormal  in  weight  and  were  weak 
and  did  not  suckle. 

It  may  be  said,  finally,  that  these  studies  with  pituitary  gonadotropic  hormone 
resemble  strikingly  those  made  by  Engle  with  anterior  pituitary  implants  and  by 
Cole  with  pregnant  mare  serum  gonadotropin  (table  6).  In  both  mice  and  rats  it  is 
striking  that  only  approximately  30  implantation  sites  can  be  produced  in  this  way 
— a  trebling  of  the  normal  reproductive  performance. 


Table  6.  Comparison  of  various  studies  on  superfecundity 


Author 

Experi' 

mental 

animal 

Treat' 

ment 

Recipient 

% 

Breed' 

ing 

% 

Im' 

planting 

Implantation 
sites.  No. 

%  Littering 
of  those 
implanting* 

Maximum 
number  of 
living  young 

Number  |  Age 

Limits 

Average  1 

Engle 

Moux 

Pituitary 

implant* 

6j 

ESI 

_ 1 

19-19 

- 

- 

- 

Cole 

Rat 

Pregnant 

mare 

xrum 

a88 

B 

49 

1 

71 

B 

•7 

- 

17 

Evan* 

and 

Simpson 

Rat 

FSH; 

FSH+ 

Prolan 

404 

16-34 

64 

77 

1-14 

17 

46 

17 

>  36%  ovulated,  as  shown  when  killed  within  3  days  after  breeding,  15  to  ao  blastocytes  being  present,  7  were  allowed  to 
live  but  did  not  show  placental  sign. 

*  Only  certain  groups  were  allowed  to  go  to  term. 
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THE  PHARMACOLOGY  AND  ANATOMY  OF  THE 
HYPOPHYSIS  OF  THE  PORPOISE^ 

E.  M.  K.  CEILING,  B.  J.  VOS.  JR.  and  FRANCES  K.  OLDHAM 
From  the  Departments  of  Pharmacology  and  Anatomy 
The  University  of  Chicago 

CHICAGO,  ILLINOIS 

IN  1929  WisLOCKi  (i)  published  an  anatomical  description  of  the  pituitary  gland 
of  the  porpoise  (Tursiops  truncatus).  He  called  attention  to  the  following  facts; 
(a)  the  processus  infundibuli  is  separated  anatomically  from  the  anterior  lobe 
by  a  fold  of  dura,  (b)  the  pars  intermedia  and  hypophyseal  cleft  are  completely  lack¬ 
ing  in  the  adult  porpoise,  the  pars  buccalis  consisting  solely  of  a  pars  distalis  and  a 
pars  tuberalis. 

The  unusual  arrangement  of  lobes  in  the  porpoise  pituitary  suggested  that  this 
gland  would  provide  suitable  source  material  for  the  determination  of  the  site  of 
secretion  of  the  powerful  ‘posterior’  (neural  and  intermediate)  lobe  hormones. 
Attempts  to  obtain  additional  glands  at  that  time  were  unsuccessful,  but  during  the 
summer  of  1939  we  obtained  fresh  glands  from  two  species  of  porpoise,  the  bottle 
nosed  (Tursiops  truncatus)  and  the  speckled  porpoise  (Prodelphinus  pragiodon).^ 

In  this  paper  are  recorded  both  the  pharmacological  and  anatomical  findings  which 
have  enabled  us  to  establish  a  correlation  between  the  various  components  of  the 
gland  and  the  functions  of  this  organ. 

Anatomical  Studies 

Materials  and  methods.  The  anatomical  studies  were  carried  out  on  the  pituitary 
glands  of  one  female  bottle  nosed  porpoise  and  one  male  and  one  female  speckled 
porpoise.  Both  females  were  lactating. 

The  hypophysis  of  the  male  speckled  dolphin  was  fixed  in  formaUn,  embedded  in 
paraffin  and  serially  sectioned  in  the  sagittal  plane  at  15  and  25/i.  The  sections  were 
stained  with  Bodian’s  stain  for  nerve  fibers  (2)  and  with  the  Bielchowsky  and  the 
short  Foot  methods  for  connective  tissue.  Unmounted  sections  were  stained  for  pitui- 
cytes  by  the  method  of  GriflBths  (3),  which  is  an  adaptation  for  paraffin  sections  of 
the  Penfield  (4)  modification  of  Hortega’s  impregnation  method  for  microglia  and 
oligodendroglia.  The  two  other  glands  were  fixed  in  formol-Zenker,  imbedded  in 
nitrocellulose  and  sectioned  sagittally  at  8  to  12/i.  The  sections  were  stained  with 
the  Mallory-azan  and  the  hematoxylin-eosin-azure  II  stains. 

Results.  The  glands  of  the  two  species  are  essentially  the  same  and  will  be  de¬ 
scribed  together.  The  gross  relationships  are  shown  in  figures  i  and  2.  The  gland  is 
embedded  in  a  thick  dural  capsule,  a  fold  of  which  separates  the  anterior  and  neural 
lobes.  Inside  the  dural  pocket  containing  the  neural  lobe  is  a  more  dehcate  membrane 
of  collagenous  connective  tissue  which  is  continuous  with  the  arachnoid.  A  thin 
membrane  of  loose  connective  tissue  adheres  closely  to  the  neural  lobe  and  in  places 

*  This  investigation  was  supported  by  grant  from  the  Ckimmittee  on  Research  in  Endocrinology, 
National  Research  Ck>uncil. 

*  The  collection  of  this  material  was  made  possible  through  the  whole  hearted  cooperation  of  the 
scientific  and  technical  staffs  of  the  Marine  Studios,  Inc.,  Marineland,  St.  Augustine,  Florida. 
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penetrates  the  lobe,  giving  it  a  lobulated  appearance  and  bringing  in  blood  vessels. 
The  background  cf  this  membrane  has  a  curious  mucus'like  appearance  especially 
striking  in  the  case  of  the  bottle  nosed  porpoise.  Anterodorsally  the  membrane 
becomes  incorporated  in  the  connective  tissue  of  the  pars  tuberalis.  There  is  a 
definite  space  between  the  dura  and  the  arachnoid  but  the  two  inner  membranes 
adhere  closely  for  the  most  part,  and  probably  represent  the  pia'arachnoid. 

The  anterior  lobe  of  the  porpoise  pituitary  consists  of  the  characteristic  lobules 
of  the  usual  alpha,  beta  and  chromophobe  cells  supported  by  a  network  of  richly 
vascular  reticular  connective  tissue.  The  negative  image  of  the  Golgi  apparatus  is 
visible  in  many  of  the  chromophils.  Cells  with  large  vacuoles,  either  empty  or  con- 
taining  a  faintly  staining  basophilic  material  are  numerous  especially  in  the  gland  of 
the  spotted  porpoise.  There  is  no  convincing  evidence  of  the  occurrence  of  both  alpha 
and  beta  granules  in  the  same  cell.  However,  the  cytoplasm  of  many  of  the  cells 
appears  slightly  basophilic. 

There  is  no  microscopic  evidence  of  a  pars  intermedia  though  there  is  a  fairly 
extensive  colloid  filled  cleft  in  the  median  posteroventral  region  of  the  anterior  lobe 
of  the  bottle  nose  porpoise.  The  cleft  is  lined  by  a  single  row  of  chromophobes,  alpha 
and  beta  cells,  and  colloid  containing  cells,  separated  from  the  rest  of  the  lobe  by  a 
layer  of  connective  tissue.  In  the  neighborhood  of  the  cleft  there  are  a  number  of 
small  colloid  filled  follicles  and  a  few  laminated  structures  similar  in  appearance  to 
corpora  arenacea  (fig.  3). 

There  is  a  fairly  extensive,  poorly  circumscribed  focus  of  basophilic  cells  in  the 
median  anterodorsal  region  of  the  spotted  porpoise.  A  razor  cut,  made  prior  to 
fixation  passes  through  the  center  of  this  area,  causing  considerable  distortion  and 
cell  distruction.  The  area  contained  many  colloid  follicles  and  also  a  number  of 
laminated  structures.  These  structures  are  often  of  considerable  size,  and  are  fre- 
quently  surrounded  by  a  thin  layer  of  connective  tissue.  In  the  spotted  porpoise, 
there  are  a  number  of  small  encapsulated  areas  of  closely  packed  columnar  chromo' 
phobes  with  an  occasional  alpha  or  beta  cell  at  the  periphery.  These  areas  are  found 
in  the  posteroventral  region  of  the  gland. 

The  fairly  extensive  pars  tuberalis  consists  of  chromophobe  cells  arranged  in 
colloid  containing  follicles.  The  connective  tissue  network  in  which  the  cells  are 
embedded  is  highly  vascular.  The  pars  tuberalis  and  the  anterior  lobe  are  not  sharply 
delimited  and  colloid  filled  follicles  similar  to  those  of  the  pars  tuberalis  are  quite 
numerous  in  the  anterior  region  of  the  anterior  lobe. 

The  neural  lobe  of  the  dolphin  consists  mainly  of  nerve  fibers  and  pituicytes. 
There  is  a  rich  blood  supply  and  much  perivascular  connective  tissue.  The  nerve 
fibers  sweep  down  the  neural  stalk  (fig.  4)  and  spread  out  in  the  neural  lobe,  forming 
a  complicated  network  (fig.  5).  The  distribution  of  the  fibers  differs  from  that  of  the 
connective  tissue,  which  is  restricted  to  the  blood  vessels  and  the  capsule  of  the 
lobe.  The  pituicytes  have  small  ovoid  nuclei.  With  the  Mallory^azan  and  hematoxy' 
lin^eosin-azure  II  stains,  it  is  difiicult  to  distinguish  the  cytoplasm  of  these  cells 
from  the  fibrillar  background  of  the  lobe.  With  silver  carbonate  impregnation,  how' 
ever,  long  cytoplasmic  processes  can  be  demonstrated  in  these  cells,  very  similar 
to  those  described  by  Bucy  (5)  for  the  pituicytes  of  the  bovine  hypophysis  (fig.  6). 

In  addition  to  the  pituicytes,  another  cell  type  is  seen  in  the  proximal  portion 
of  the  neural  lobe  and  in  the  neural  stalk  of  both  the  bottle  nosed  and  the  speckled 
porpoise.  This  cell  has  a  large  vesicular  nucleus  and  an  irregularly  dispersed  cytO' 
plasm  which  stains  a  fairly  deep  blue  with  hematoxylin'eosin'azure  II  (fig.  7).  These 
cells  bear  a  striking  resemblance  to  the  nerve  cells  in  the  hypothalamus. 


L 


Fig.  1.  Hypophysis  OF  male  spotted  dolphin;  X4.  Fig.  2.  Sagittal  section  of  hypophysis  of  female 
SPOTTED  porpoise;  Mallofy-azan  stain  X9.  A  =  arachnoid;  Ant.  Lobe  =  anterior  lobe;  C.  T.  =  cavernous 
tissue;  D  =  dura;  N.  L.  =  neural  lobe;  O.  C.  =  optic  chiasma;  P.  A.  =  pia'arachnoid;  T  =  pars  tuberalis; 
V  =  111  ventricle. 
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The  cavity  of  the  third  ventricle  does  not  extend  into  the  neural  lobe.  In  the 
anterodorsal  region  of  the  glands  of  the  speckled  porpoise  there  are  several  narrow 
cleft'like  areas,  partially  lined  with  ependymal  cells.  The  background  of  these  areas 
is  not  as  fibrillar  as  that  of  the  rest  of  the  lobe  and  no  nerve  fibers  or  pituicytes  are 
demonstrable. 


Fig.  3.  Colloid-filled  cleft;  anterior  lobe  of  bottle  nosed  porpoise;  Mallory-azan  stain  X 106. 
L  =  laminated  structure;  F  =  colloid  follicle.  Fig.  4.  Nerve  fibers  sweeping  down  the  neural  stalk. 
Bodian's  stain  X91.  Fig.  5.  Nerve  fibers  in  neural  lobe.  Note  the  vascularity  of  the  lobe.  Bodian’s 
stain  X75.  B.V.  =  blood  vessel. 

Numerous  pale-staining  colloid  masses,  often  of  considerable  size,  are  scattered 
throughout  the  neural  lobe  and  neural  stalk. 

Pharmacological  Studies 

Material  and  methods.  Glands  from  the  speckled  and  from  the,  bottle  nosed 
porpoise  were  removed  as  soon  after  death  as  possible  (10  minutes  to  2  hours)  and 
placed  in  acetone  to  defat  and  dehydrate  them.  The  connective  tissue  was  then 
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stripped  off,  and  the  anterior  and  neural  lobes  and  the  ‘stalk’  were  separated,  cut  into 
small  pieces  and  ground  up  into  a  fine  powder.  The  powder  was  then  extracted 
with  0.25%  acetic  acid  so  that  i  cc.  of  the  acetic  acid  extract  represented  the  activity 


Fig.  6.  Neural  lobe,  speckled  porpoise.  Penfield's  method  X600.  P  =  pituicytes;  Pr.  =  cytoplasmic 
process  of  pituicyte;  B.  V.  =  blood  vessel.  Fig.  7.  Neural  lobe,  speckled  porpoise.  Hematoxylin-eosin- 
azure  II  stain  X 1000.  N  =  nerve  cells;  P  =  pituicyte. 


of  I  mg.  of  acetone  desiccated  powder.  The  resulting  extracts  were  tested  for 
oxytocic,  pressor,  antidiuretic  and  melanophore  dispersing  activity. 

The  extracts  of  the  ‘stalk’  in  most  cases  consisted  of  a  mixture  of  pars  tuberalis 
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and  infundibular  stalk.  In  one  gland,  however,  a  separation  was  made  between  the 
white  neural  stalk  and  the  darker  investing  pars  tuberalis. 

The  following  methods  of  bioassay  were  used  to  determine  the  concentration  of 
the  ‘posterior’  lobe  hormones  in  the  various  components  of  the  dolphin  hypophysis : 
pressor  activity  with  the  phenobarbitahanesthetized  cat  attached  to  a  mercury 
manometer;  antidiuretic  activity  by  the  method  of  Gibbs  (6)  as  modified  by  Burn  (7) 
using  the  rat;  oxytocic  activity  by  the  uterus  of  the  virgin  guinea  pig  or  by  the  fall 
in  blood  pressure  in  the  fowl  (8);  melanophore  dispersing  activity  by  the  method  of 
Teague  (9)  using  the  hypophysectomized  frog  which  has  been  shown  to  be  a  specific 
test  object  for  this  hormone  (10). 

All  preparations  were  assayed  against  the  United  States  Pharmacopoeia  (XI) 
Standard  Pituitary  Powder,  which  was  extracted  in  a  manner  similar  to  that  described 
above. 

Results.  The  melanophore  dispersing  hormone  was  found  in  considerable  con- 
centration  in  anterior  lobe  extracts,  in  much  lower  concentration  in  the  pars  tuberalis 
and  in  doubtful  traces  in  the  neural  stalk.  It  was  entirely  absent  from  the  neural 
lobe  (fig.  8).  It  was  also  found  that  the  concentration  of  the  hormone  was  much 
higher  in  the  anterior  than  in  the  posterior  (juxtameural)  region  of  the  anterior 
lobe.  These  findings  are  reported  in  greater  detail  elsewhere  (11). 


Fig.  8.  Hypophysectomized  frogs.  N=o.i  cc.  neural  lobe  extract;  A  =  0.1  cc. 
anterior  lobe  extract;  C  =  control. 

The  pressor,  antidiuretic  and  oxytocic  principles  were  found  to  be  present  only 
in  neural  lobe  extracts,  and  in  doubtful  traces  in  the  ‘stalk.’  These  hormones  were  not 
found  in  anterior  lobe  extracts.  The  concentration  of  these  hormones  as  compared 
to  that  in  the  standard  powder  varied  from  50%  to  100%.  However,  no  dispropor- 
tion  was  found  between  the  oxytocic  and  pressor  hormones  in  the  individual  glands. 

DISCUSSION 

Our  findings  on  the  histological  structure  of  the  porpoise  hypophysis  are  in 
general  agreement  with  those  of  Wislocki  (i).  However,  the  following  additional 
points  have  been  noted:  (d)  The  anterior  and  neural  lobes  are  separated  by  a  fold  of 
dura  and  by  the  pia'arachnoid  which  surrounds  the  neural  lobe.  The  meningeal 
relations  in  the  porpoise  are  therefore  similar  to  those  in  the  whale  (12).  (b)  Nerve 
fibers,  nerve  cells  and  Herring  bodies  have  been  observed  in  the  neural  lobe,  (c)  The 
cytoplasmic  processes  of  the  pituicytes  have  been  demonstrated.  We  have  confirmed 
Wislocki’s  observation  as  to  the  absence  of  the  pars  intermedia.  In  the  anterior  lobe 
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of  the  bottle  nosed  porpxDise,  however,  a  fairly  extensive  colloid  filled  cleft  is  present. 
It  is  possible  that  this  cleft  represents  the  residual  lumen  of  Rathke’s  pouch.  Further 
light  on  this  question  will  be  forthcoming  by  the  study  now  in  progress  of  the  glands 
of  a  number  of  embryo  porpoises. 

The  ample  blood  supply  of  the  neural  lobe  and  the  abundance  of  pituicytes  and 
nerve  fibers  do  not  support  the  view  that  the  neural  lobe  is  a  functionless  appendage 
of  the  brain.  Gersh  (13)  has  recently  presented  evidence  in  support  of  a  secretory  role 
for  the  neurogliadike  cells  of  the  rat.  On  the  other  hand,  Rasmussen  (14)  considers 
that  the  number  of  nerve  fibers  in  man  is  out  of  all  porportion  to  the  number  of 
pituicytes  and  he  suggests  that  the  elaboration  of  the  hormones  may  be  a  humeral 
mechanism  similar  to  that  found  in  the  sympathetic  nervous  system.  As  Griffiths  (3) 
has  pointed  out,  however,  the  tissue  culture  work  of  Lewis  and  Geiling  (15)  does  not 
lend  support  to  this  view  since  these  workers  were  able  to  demonstrate  pressor 
activity  in  growths  of  neural  lobe.  Explantation  of  the  lobe  involves  severance  of 
fibers  from  their  cell  bodies  in  the  supra-optic  nucleus  and  results  in  degeneration  of 
the  nerve  terminals. 

The  distribution  of  the  melanophore  dispersing,  oxytocic,  pressor  and  anti' 
diuretic  hormones  in  the  hypophysis  of  the  porpoise  indicates  that  the  melanophore 
dispersing  hormone  is  elaborated  by  the  anterior  lobe  while  the  other  three  hormones 
are  elaborated  by  the  pars  nervosa.  These  results  are  in  accord  with  those  obtained 
in  the  whale,  manatee,  armadillo  and  chicken  (16-20),  in  which  a  discrete  pars  inter- 
media  is  lacking  and  in  which  the  anterior  and  neural  lobes  are  separated  by  connec¬ 
tive  tissue. 

Assays  of  the  neural  lobes  of  whales  (excepting  the  white  whale)  and  of  the 
armadillo  consistently  showed  a  marked  disproportion  between  the  oxytocic  and 
pressor  hormones,  the  concentration  of  the  oxytocic  hormone  being  as  little  as  10% 
of  the  pressor  when  compared  with  the  standard  powder.  No  such  disproportion 
was  noted  in  the  porpoise  neural  lobe.  However,  in  several  specimens,  the  concentra¬ 
tion  of  the  pressor  and  oxytocic  hormones  was  only  30  to  50%  that  of  the  standard. 
The  highest  concentration  of  the  hormones  was  found  in  those  animals  which  were 
killed  immediately  after  capture  or  which  were  kept  in  captivity  for  24  hours  or 
less.  Those  which  had  been  in  captivity  for  several  days  showed  a  lower  hormone 
content,  although  the  glands  in  these  cases  were  removed  promptly  after  the  death 
of  the  animals.  A  possible  explanation  for  the  low  hormone  content  in  these  speci¬ 
mens  is  that  the  captive  animals  ate  sparingly  and  therefore  had  a  low  fluid  intake. 
(It  has  been  shown  that  the  cetacea  obtain  their  fluids  from  the  Crustacea  and  fish 
of  their  diet  (21).)  This  restricted  fluid  intake  would  call  for  a  conservation  of  the 
tissue  fluids  and  there  is  considerable  evidence  on  hand  to  indicate  that  the  posterior 
lobe  hormone(s)  may  play  an  important  r6le  in  this  process  (13). 

- -  SUMMARY 

The  hypophyses  of  the  bottle  nosed  (Tursiops  truncatus)  and  the  speckled 
(Prodelphinus  pragiodon)  porpoises  were  studied  for  anatomical  and  histological 
structure  and  pharmacological  activity. 

The  anterior  and  neural  lobes  are  completely  separated  by  a  fold  of  dura  and  by 
the  pia-arachnoid  which  surrounds  the  neural  lobe.  A  discrete  pars  intermedia  is 
not  present. 

The  anterior  lobe  consists  of  the  usual  alpha,  beta  and  chromophobe  cells.  A 
large  colloid  filled  cleft  is  present  in  the  gland  of  the  bottle  nosed  porpoise.  A  basophil 
area  is  present  in  the  speckled  porpoise,  and  well  circumscribed  areas  of  chromo- 
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phobe  cells  are  seen  in  the  bottle  nosed  porpoise.  Laminated  structures,  similar  to 
corpora  arenacea,  are  present  in  the  anterior  lobes  of  both  species. 

The  neural  lobe  is  vascular  and  consists  mainly  of  nerve  fibers  and  pituicytes. 
Nerve  cells  are  present  in  the  proximal  portion  of  the  lobe  and  in  the  neural  stalk. 
Herring  bodies  are  numerous. 

The  melanophore  dispersing  hormone  is  found  in  greatest  concentration  in  the 
anterior  lobe,  in  much  less  concentration  in  the  pars  tuberalis  and  in  doubtful  traces 
in  the  neural  stalk.  It  is  absent  from  the  neural  lobe. 

The  oxytocic,  pressor  and  antidiuretic  hormones  are  present  only  in  neural 
lobe  extracts.  The  pressor  and  oxytocic  hormones  are  present  in  the  ratio  of  1:1, 
but  in  some  of  the  glands  tested  the  concentration  of  both  hormones  is  low.  The 
possible  physiological  significance  of  this  is  discussed. 

REFERENCES  ' 

1.  W18LOCH,  G.  B.;  Arch.  Surg.  18:  i.  1919. 

2.  Bodian,  D.:  Anat.  Rec.  6?:  89.  1956. 

5.  Griffiths,  M.:  Proc.  Linn.  Soc.  S.  W.  63:  81.  1938. 

4.  Penfield,  W.;  Am.  J.  Path.  4:  153.  1928. 

5.  Bucy,  P.  C.:  j.  Comp.  ?ieurol.  jo:  50?.  1930. 

6.  Gibbs,  O.  S.;/.  Pharmacol  Exper.  Therap.  40:  129.  1930. 

7.  Burn,  J.  H.:  ^uart.  J.  Pharm.  &  Pharmacol.  4:  ^117.  1931. 

8.  Coon,  J.  M.:  Arch.  Int.  de  Pharmacodynamic  et  de  Therap.  62:  79.  1939. 

9.  Teague,  R.  S.:  Endocrinology  25:  962.  1939. 

10.  Teague,  R.  S.,  R.  O.  Noojin  and  E.  M.  K.  Ceiling:  J.  Pharmacol,  (y  Exper.  Therap.  6y:  115. 1939. 
’  i.  Oldham,  ,  ”  J.  H.  Last  and  E.  M.  K.  Ceiling:  Proc.  Soc.  Exper.  Biol,  (y  Med.  43 : 407. 1940. 

12.  WiSLOCKi,  G.  B.,  AND  E.  M.  K.  GEaiNG:  Anat.  Rec.  66:  17.  1936. 

13.  Gersh,  L:  Am.  j.  Anat.  64:  407. 1939. 

14.  Rasmussen,  A.vT.:  Endocrinol^y  23:  263.  1938. 

15.  Ceiling,  E.  M.  K.,  and  M.  R.  Lewis:  Am.  J.  Physiol.  113:  534.  1935. 

16.  Ceiling,  E.  M.  K.:  Bull.  Johns  Hoplpns  Hospital  57:  123.  1935. 

17.  Valso,  j.:  Klin.  Wchnschr.  13:  1819.  1934. 

18.  Oldham,  F.  K.,  D.  P.  McCleery  and  E.  M.  K.  Ceiling:  Anat.  Rec.  71:  27.  1938. 

19.  Oldham,  F.  K.:  Anat.  Rec.  72:  265.  1938. 

20.  DeLawder,  a.  M.,  L.  Tarr  and  E.  M.  K.  Ceiling:  J.  Pharmacol.  &  Exper.  Therap.  yi:  142. 1934. 

21.  Fletcher,  E.  S.,  Jr.:  Siuart.  Rev.  Biol.  14:  451.  1939. 


THE  SUGAR  UTILIZATION  OF 
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The  tendency  to  hypoglycemia  of  a  fasted  hypophysectomized  animal  has 
been  abundantly  demonstrated  (i-ii).  In  the  rat  the  cause  of  this  hypo' 
glycemia  has  been  shown  to  be  extremely  high  glucose  utilization  rate.  This 
does  not  seem  to  be  the  case  for  the  dog  (i,i3'i6)  or  for  the  cat  (17).  In  these  animals 
hypophysectomy  seems  to  cause  an  incapacity  to  free  body  protein  which  can  sup¬ 
ply  glucose  by  glyconeogenesis  (i).  This  is  not  so  for  all  animals  (18).  The  hypophys- 
ectomized  rabbit  very  quickly  develops  a  severe  hypoglycemia  on  fasting  (5,  19) 
and  must  be  given  glucose  injections  in  order  to  prevent  death. 

Our  first  work  in  the  study  of  this  problem  was  to  determine  the  rate  at  which 
glucose  had  to  be  administered  to  such  animals  to  keep  them  out  of  hypoglycemia. 
After  a  j-day  fast  the  pituitary  was  removed  by  an  oral  approach.  Cope’s  (20) 
modification  of  White's  method  (21).  Frequent  blood  sugar  estimations  were  carried 
out  after  the  hypophysectomy.  When  the  level  had  fallen  to  80  mg.%  or  lower, 
sufficient  10%  glucose  was  given  intravenously  every  hour  thereafter  to  keep  it 
from  going  lower.  The  rate  of  injection  was  adjusted  according  to  whether  the 
previous  blood  sugar  had  indicated  the  level  was  rising  or  falling.  The  interval  of 
time  between  operation  and  time  when  the  blood  sugar  began  to  drop  varied  in  dif¬ 
ferent  rabbits  from  ii  to  32  hours.  The  amount  of  glucose  required  increased  during 
the  first  5  to  8  hours  thereafter,  by  which  time  a  maximum  requirement  was  attained. 
There  was  little  increase  above  this.  Glucose  was  given  in  some  cases  by  continuous 
intravenous  injection.  In  a  given  animal,  the  amount  required  was  the  same  whether 
the  glucose  was  given  at  i-hour  intervals  or  by  continuous  injection.  Urinary 
determinations  for  sugar  were  uniformly  negative.  The  amount  of  glucose  which 
had  to  be  injected  during  the  period  of  maximum  need  is  recorded  in  grams  per 
kilogram  body  weight  per  hour  in  table  i. 

As  noted  above  these  determinations  were  carried  out  soon  after  hypoph¬ 
ysectomy.  We  completed  another  series  of  determinations  after  allowing  an 
interval  adequate  for  recovery  from  the  operation  and  proper  healing.  These  animals 
were  given  adequate  amounts  of  pituitary  extract*  (i  cc.  whole  gland  extract)  for  a 
few  days  after  operation,  until  the  wounds  had  healed  and  they  were  eating  normally. 
After  a  variable  period  as  noted  in  the  table  they  were  fasted  and  the  sugar  utiliza¬ 
tion  rate  was  carried  out.  Hypoglycemia  usually  supervened  in  i  or  2  days  and  there¬ 
upon  the  sugar  utilization  determination  was  carried  out.  The  results  are  given  in 
table  2.  The  average  for  the  rates  is  not  quite  as  high  as  in  the  previous  table.  This 
may  be  accounted  for  by  the  fact  that  the  animals  were  not  fasted  as  long  as  the 


*  This  material  was  very  generously  supplied  by  Parke,  Davis  d  Company. 
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Table  i 

Volume  17 

No. 

Hours  after 
hypophyscctomy 
when  blood  sugar 
began  to  fail 

Hours  after 
hypophysectomy 
when  rate  was 
determined 

Glucose 

Intravenously  in 
gm./kg.  body  wt./hr. 

Mode  of 
injection 

I 

12 

18 

0.303 

Continuous 

2 

18 

27 

0.334 

Continuous 

3 

18 

24 

0.601 

Continuous 

4 

24 

29 

0.64a 

Continuous 

5 

12 

22 

0.671 

Continuous 

6 

21 

23 

0.617 

Continuous 

7 

11 

22 

0.377 

Continuous 

8 

12 

18 

0.411 

Continuous 

9 

16 

32 

0.310 

Intermittent 

10 

12 

18 

0.327 

Intermittent 

II 

18 

24 

0.313 

Intermittent 

12 

13 

23 

0.497 

Intermittent 

13 

21 

23 

0.617 

Intermittent 

14 

20 

23 

0.677 

Intermittent 

15 

17 

0.347 

Intermittent 

16 

39 

0.433 

Intermittent 

17 

20 

23 

0.304 

Intermittent 

18 

16 

20 

0.363 

Intermittent 

19 

19 

23 

0.440 

Intermittent 

20 

12 

14 

0.400 

Intermittent 

21 

14 

16 

o.j8i 

Intermittent 

22 

12 

13 

0. 566 

Intermittent 

23 

12 

24 

0.363 

Intermittent 

Table  a 


No. 

Weight 

kg 

Days  after 
hypophysectomy 
when  rate  was 
determined 

Glucose 
intravenously 
in  gm./kg. 
body  weight/hr. 

Remarks 

I 

2.32 

24 

0.339 

Spontaneous  hypoglycemia 

2 

2-47 

8 

0.311 

Fasted  a  days 

3 

1.32 

11 

0.318 

Fasted  1  day 

4 

1.18 

11 

0.31a 

Fasted  i  day 

5 

1.97 

8 

0.468 

6 

1.64 

14 

0.731 

7 

1-37 

12 

0.436 

animals  in  the  other  scries  and  it  is  quite  likely  that  the  intestine  was  still  absorbing 
certain  amounts  of  carbohydrate  in  these  animals. 

It  is  apparent  that  the  high  demand  for  glucose  of  the  hypophysectomized 
animal  is  not  a  transient  condition  but  that  it  continues  certainly  for  a  long  period. 
If  the  animal  eats,  the  carbohydrate  and  the  protein  of  the  food  arc  capable  of  taking 
care  of  the  demand.  Fasting  removes  this  source  of  glucose  and  the  demand 
immediately  appears. 

What  becomes  of  this  sugar?  Is  it  oxidized  directly  by  the  tissues  at  this  very 
high  rate  or  is  a  large  part  of  it  changed  to  some  other  form  such  as  glycogen  or 
fat?  Glycogen  storage  can  immediately  be  eliminated  as  being  responsible  for  the 
disappearance  of  these  amounts  of  glucose  over  any  extended  period.  The  deposition 
of  glycogen  in  the  liver  and  muscles  at  such  a  rate  if  continued  for  a  week  or  so  would 
change  these  tissues  to  extended  bags  of  glycogen.  At  the  rates  of  utilization  noted 
above,  loo  gm.  of  glycogen  per  kg.  of  animal  would  have  to  be  stored  in  one  week. 
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The  disappearance  of  the  glucose  might  be  explained  by  the  supposition  that 
glycogen  formation  is  greatly  accelerated  and  that  as  a  result  of  increased  concentra' 
tion  of  this  compound  in  the  tissues,  the  utilization  of  it  is  increased.  The  work  of 
Fisher,  Russel  and  Cori  (22),  shows  that  this  is  not  the  case  in  the  rat.  First  of  all 
the  concentrations  of  glycogen  in  the  liver  and  muscles  are  not  increased,  and  on 
fasting  they  decrease  more  rapidly  than  in  controls,  showing  that  glycogen  formation 
does  not  even  keep  up  with  utilization.  Cope  (19)  has  shown  that  there  is  no  increased 
deposition  of  diver  glycogen  after  hypophysectomy  and  only  a  slight  increase  in 
muscle  glycogen.  We  have  made  similar  observations  in  the  rabbit  as  shown  in 
table  3.  It  is  apparent  that  despite  the  high  rate  of  injection  of  glucose  for  many 
hours,  the  muscle  and  liver  glycogens  are  not  above  normal. 


Table  j 


Hours 

run 

Rate,  mg./kg./hr. 

Liver  glycogen 
at  end  of  run,  % 

Muscle  glycogen  at 
end  of  run,  % 

6 

617 

i-Ji 

0.169 

10 

550 

0. 156 

5 

594 

1.45 

6 

601 

0.91 

0.31 

Could  this  glucose  have  been  converted  to  fat?  The  animals  did  not  gain  weight, 
so  that  the  glucose  could  not  have  been  used  up  in  increasing  the  fat  stores  of  the 
body.  Postmortem  examination  of  the  animal  likewise  showed  no  unusual  deposits 
of  fat.  It  is  possible,  however,  that  the  glucose  is  converted  to  fat  by  the  tissues  in 
general.  Since  specific  chemical  transformations  are  mostly  carried  out  in  the  liver, 
one  thinks  first  of  this  organ  as  the  site  of  the  change  of  the  glucose.  According  to 
this  view  the  general  tissues  of  the  body  might  be  using  food  materials  as  in  a  normal 
animal  but  the  liver  would  be  taking  up  large  amounts  of  glucose  to  convert  it  to  fat. 
This  hypothesis  could  be  readily  tested  by  determining  the  effect  of  hepatectomy  on 
the  sugar  consumption  of  hypophysectomized  rabbits. 

To  study  this  we  carried  out  the  hypophysectomy  and  glucose  utilization  rate 
as  described  above.  After  the  steady  state  of  glucose  utilization  had  developed,  the 
liver  was  removed  by  the  method  of  Drury  (23)  using  cyclopropane  as  the  anesthetic. 
The  operation  was  usually  completed  in  about  20  minutes,  without  bleeding,  and 
recovery  was  very  rapid,  needing  but  a  few  minutes.  From  then  on  the  glucose 
utilization  rate  was  determined.  The  results  are  given  in  table  4. 


Table  4 


Wt. 

Hours  after  Hours  after 

hypophysectomy  hypophysectomy 
when  blood  when  rate  of 

sugar  began  to  glucose  I.V.  was 
fall  determined 

Hours  after 
hypophysectomy 
when 

hepatectomized 

Gm.  of  glucose 
I.V./kg. 
body  wt.,  pre- 
hepatectomy 

Gm.  of  glucose 
l.V./kg. 
body  wt.,  post' 
hepatectomy 

2.04 

18 

20 

26 

0.557 

0.571 

1.82 

12 

18 

15 

0.546 

0.567 

1.70 

21 

13 

18 

0.617 

0.506 

1.36 

20 

13 

26 

0.677 

0.700 

1.17 

18 

18 

0.594 

0.396 

Another  group  of  animals  was  carried  through  in  the  same  way  except  that 
evisceration  was  substituted  for  hepatectomy.  This  was  carried  out  by  the  method 
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described  by  Drury  (24)  in  which  the  intestinal  track  is  removed  along  with  the 
liver.  The  results  are  given  in  table  5.  It  is  quite  apparent  that  the  removal  of  the 
liver  and  other  abdominal  organs  does  not  change  the  glucose  requirement  of  the 
animal.  We  are  forced  to  conclude  that  the  general  tissues  of  the  body,  like  the 
muscles,  heart  and  central  nervous  system  are  taking  up  the  glucose  from  the  blood 
at  a  very  high  rate  to  oxidize  it  or  to  change  it  to  fat  to  be  oxidized  later. 

Table  ? 


Hours  after 

Hours  after 

Hours  after 
hypophysectomy 
when 

eviscerated 

Gm.  of 

Gm.  of 

Wt. 

hypophysectomy  hypophysectomy 
when  when  rate  of 

glucose/kg. 
body  wt.. 

glucose/kg. 
body  wt., 

hypoglycemia 

glucose  I.V.  was 

pre' 

post' 

occurred 

determined 

evisceration 

evisceration 

1400 

31 

38 

41 

0.358 

0.351 

15 

19 

31 

0.514 

0.514 

1575 

14 

38 

4t 

0.171 

0.191 

1400 

45 

49 

51 

0.414 

0.333 

DISCUSSION 

There  seems  to  be  no  unanimity  of  opinion  today  concerning  the  glucose 
consumption  of  the  tissues  of  the  fasting  hypophysectomized  animal.  One  has  but  to 
read  the  reviews  of  Russel  (12)  and  Houssay  (1)  to  appreciate  this.  The  conflict 
disappears  if  one  accepts  the  ideas  of  definite  species  differences  in  this  matter; 
Houssay  has  already  suggested  this.  Those  workers  who  claim  that  the  tissues  of 
the  hypophysectomized  animal  use  a  normal  or  subnormal  amount  of  glucose  have 
worked  with  the  dog  or  cat  (17,  28)  and  those  that  claim  the  reverse  have  worked 
with  the  rat  or  rabbit  (5,  12,  27). 

That  the  carbohydrate  metabolism  of  these  animals  can  be  so  different  is  made 
plausible  when  one  considers  the  difference  in  the  reaction  of  these  species  to  pan' 
createctomy.  The  resultant  diabetes  is  severe  in  the  dog  and  cat,  moderate  in  the 
rat  and  mild  in  the  rabbit  (25).  The  tissues  of  the  latter  animal  would  seem  to  be 
adapted  naturally  to  a  higher  glucose  consumption  level  than  the  former. 

The  fasting  hypophysectomized  dog  or  cat  excretes  less  nitrogen  than  the  normal 
fasting  animal.  Russel  (12)  reports  that  the  nitrogen  excretion  of  the  fasting  hypoph' 
ysectomized  rat  is  not  lower  than  the  fasted  animal.  Lee  and  Ayres  (18)  found  that 
hypophysectomized  rats  lose  definitely  more  body  protein  than  litter  mate  controls 
restricted  to  the  same  low  food  intake  as  that  voluntarily  consumed  by  the  hypoph' 
ysectomized  rats.  We  did  not  measure  nitrogen  excretions  on  our  rabbits  since 
it  is  quite  obvious  that  our  results  could  not  be  explained  in  this  way.  The  fasting 
normal  rabbit  excretes  about  20  mg.  nitrogen  per  kg.  per  hour.  Assuming  a  D:N 
ratio  of  6  for  conversion  of  protein  to  glucose  (26)  this  could  only  give  rise  to  120  mg. 
glucose  per  kg.  per  hour.  Even  if  all  conversion  of  protein  to  glucose  in  the  hypoph' 
ysectomized  rabbit  were  stopped  this  would  account  for  only  a  small  fraction  of  the 
increased  need  of  glucose  in  these  animals. 

From  our  results  one  is  forced  to  conclude  that  the  general  tissues  of  the  hypoph' 
ysectomized  rabbits  oxidize  large  amounts  of  glucose.  One  can  offer  no  other 
explanation  of  our  findings  that  such  a  preparation,  having  been  carried  two  weeks 
on  food  and  then  fasted,  required  glucose  at  the  rate  of  600  mg.  per  kg.  per  hour. 
One  could  hardly  claim  that  fasting  these  animals  increases  the  glucose  requirement 
so  one  must  conclude  that  they  maintain  this  rate  during  the  period  of  feeding.  Since 
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after  2  weeks  these  animals  have  not  increased  their  fat  or  glycogen  stores  one  can' 
not  account  for  the  disappearance  of  the  glucose  in  such  a  manner.  We  have  not 
carried  out  R.Q.  determinations.  This  would  not  give  us  any  additional  information 
about  the  processes  taking  place.  The  R.Q.  of  an  animal  over  any  extended  period 
during  which  storage  of  foodstuffs  has  not  taken  place  will  simply  be  the  R.Q.  of 
the  food  fed  during  that  period.  An  animal  that  has  utilized  large  quantities  of  sugar 
for  two  weeks  and  has  not  deposited  it  in  any  form,  has  in  all  probability  oxidized  it. 

It  is  apparent  from  our  results  that  the  removal  of  the  liver  and  the  other  abdomin' 
al  viscera  exerts  no  change  in  the  glucose  utilization.  It  is  evident  that  the  general 
tissues  such  as  muscle  and  the  central  nervous  system  must  be  using  this  in' 
creased  amount  of  glucose  and  the  only  explanation  possible  is  that  oxidation  of  this 
sugar  is  increased.  There  is  the  possibility  that  it  is  being  converted  to  fat  by  these 
tissues,  but  this  amounts  to  about  the  same  thing  since  the  end  result  is  the  same 
whether  glucose  is  burned  directly  in  a  tissue  or  is  converted  to  fat  and  the  fat  burned 
in  that  tissue. 


SUMMARY 

The  utilization  of  glucose  by  hypophysectomized  rabbits  is  very  high.  This 
amounts  to,  on  the  average,  some  700  mg.  per  kg.  per  hour  and  the  oxidation  of  this 
amount  of  glucose  will  take  up  practically  all  the  oxygen  used  by  these  animals.  This 
high  rate  of  disappearance  of  glucose  cannot  be  accounted  for  by  a  transformation  of 
it  into  glycogen,  or  a  transformation  of  it  into  fat  or  some  other  intermediary  sub' 
stance  by  the  liver. 
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THE  EFFECT  OF  THE  ANTERIOR  PITUITARYTIKE  SEX 
HORMONE  AND  OF  CASTRATION  ON  EXPERIMENTAL 
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BALTIMORE,  MARYLAND 

IT  HAS  LONG  BEEN  thc  belief  of  many  clinical  observers  throughout  the  world 
that  pregnancy  has  an  adverse  influence  on  the  course  of  tuberculous  infection. 
While  it  is  true  that,  given  adequate  rest  and  care  during  pregnancy,  the 
potential  danger  may  be  minimized,  there  seems  to  be  little  doubt  that  child  bearing 
tends  to  exert  an  unfavorable  effect  upon  the  tuberculous  woman.  Whether  the 
adverse  effect  is  due  to  hormonal  alterations  that  accompany  pregnancy,  or  whether 
it  is  due  to  other  factors  which  are  associated  with  childbearing  and  which  are 
known  to  affect  tuberculosis  adversely,  is  not  yet  known  (i).  Since  the  titre  of  estro- 
genic  hormone  in  the  blood  and  urine  is  high  in  the  premenstrual  period  these  obset' 
vations  suggest  that  this  hormone  may  be  responsible  for  such  premenstrual  flare'ups. 
However,  the  experimental  evidence  in  support  of  this  view  is  disappointing.  Vercesi 
and  Merenda  (2),  Repetti  (3),  and  Bourgeois  and  Bouget  (4),  were  unable  to  show 
that  estrin  had  any  effect  upon  native  immunity  to  tuberculosis  in  experimental 
animals.  We  attacked  the  problem  in  1939,  and  were  unable  to  demonstrate  any 
effect  of  the  estrogenic  hormone  on  either  native  or  acquired  immunity  to  tuberculosis 
in  the  guinea  pig  (5).  Furthermore  Greene  and  Morgan  in  1938,  could  demonstrate 
no  effect  of  progesterone  on  this  disease  in  the  guinea  pig  (6). 

The  experimental  evidence  regarding  the  effect  of  pregnancy  on  tuberculosis  is 
much  less  clear  cut.  Thus,  Muller  (7)  and  Jameson  (8),  reported  that  pregnancy  af' 
fected  tuberculosis  favorably  in  the  guinea  pig.  Hermann  and  Hartl  (9),  came  to  a 
contrary  conclusion,  and  Schmidt'Lange  (10),  was  unable  to  demonstrate  any  effect, 
either  favorable  or  unfavorable. 

Since,  in  addition  to  estrin,  the  anterior  pituitary^like  hormone  occurs  in  the 
blood  and  urine  in  high  titre  during  pregnancy  and  since  estrin  has  been  shown 
to  be  without  effect  upon  the  progress  of  tuberculous  infection  (5),  it  seems  worth' 
while  to  study  the  effect  of  antuitrin  upon  this  infection.  This  problem  was  studied 
by  Steinbach  and  Klein  in  1937  (ii). 

They  injected  6  virgin  female  rabbits  for  74  to  114  days  subcutaneously  with 
0.75  cc.,  or  75  R.U.,  of  antuitrin'S.  Ten  days  after  the  injections  were  begun  the  ani' 
mals  were  infected  subcutaneously  with  o.oi  mg.  of  a  bovine  strain  of  tubercle  bacib 
lus  (BI).  A  control  scries  was  similarly  infected  but  was  not  injected  with  the 
hormone.  The  animals  were  autopsied  and  scored  for  tuberculosis,  the  average 
tuberculous  involvement  of  the  animals  receiving  antuitrin^S  being  recorded  as 
1.3 -|-  while  that  of  the  controls  was  recorded  as  3.7-I-. 

They  next  infected  a  series  of  male  guinea  pigs  with  0.001  mg.  of  thc  bovine 
bacillus.  Some  of  these  animals  were  injected  with  40  r.u.  of  antuitrin-S  a  day 
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while  6  served  as  controls.  The  animals  were  killed  at  35,  36,  37,  38,  39  and  41  days 
after  infection.  This  experiment  was  later  repeated,  using  a  smaller  dose  of  bovine 
bacilli  —0.0001  mg.  The  animals  were  given  the  same  dose  of  antuitrin-S  daily,  and 
were  killed  at  35,  39,  40  and  41  days  after  infection.  Steinbach  and  Klein  reported 
the  average  tuberculous  involvement  of  the  guinea  pigs  receiving  antuitrin'S  as 
1.2+  in  one  series  and  1.8+  in  the  other.  The  involvement  of  the  control  animals 
was  reported  as  3.8  —  in  both  cases. 

It  was  to  repeat  carefully  the  work  of  Steinbach  and  Klein  that  the  present 
study  was  undertaken.  We  became  interested,  later  in  the  experiment,  in  the  related 
problem  of  the  effect  of  castration  on  experimental  tuberculosis. 

EXPERIMENTAL  PROCEDURE 

For  the  initial  portion  of  our  experiment,  designed  to  determine  the  effect  of 
antuitrin'S*  on  experimental  tuberculosis  in  the  female  rabbit,  22  virgin  female 
rabbits  were  used.  All  of  the  animals  were  weighed  at  the  beginning  of  the  experi' 
ment  and  were  distributed  equally  according  to  weight  throughout  the  various 
groups.  Six  of  these  animals  were  castrated  several  weeks  before  the  beginning  of 
the  injections.  Ten  of  the  noncastrated  animals  and  the  6  castrated  animals  were 
injected  with  75  u  of  antuitrin-S  subcutaneously  every  day,  including  Sundays. 
The  6  noncastrated  control  animals  were  injected  with  an  equal  volume  of  sterile 
normal  saline  solution  daily. 

The  castrated  group  was  included  to  determine  whether  any  variation  in  the 
degree  of  tuberculosis  in  the  group  receiving  antuitrin'S,  as  compared  with  the 
normal  saline  controls  was  due  to  antuitrin'S  itself,  or  to  one  or  both  of  the  ovarian 
hormones.  It  is  well  known  that  repeated  injections  of  antuitrin'S  produce  hyper' 
luteinization  of  the  ovary  in  the  rabbit,  and  the  corpora  lutea  in  turn  produce  the 
estrogenic  hormone  and  progestin.  No  castrated  control  group  not  receiving 
antuitrin'S  was  included  in  this  first  series. 

Three  days  after  the  injections  of  hormone  and  saline  were  begun,  all  of  the 
animals  were  inoculated  subcutaneously  in  the  groin  with  0.5  cc.  of  a  suspension 
of  moderately  virulent  bovine  tubercle  bacilli.  After  drying  in  the  icebox  over  night, 
each  0.5  cc.  of  the  suspension  contained  3.3  mg.  of  bacilli  in  the  drier  state. 

Two  of  the  noncastrated  animals  receiving  antuitrin'S  and  2  of  the  saline  controls 
died  during  the  course  of  the  experiment  from  intercurrent  infections.  These  animals 
are  not  considered  in  our  final  analysis.  The  remaining  18  animals  were  injected  daily 
with  the  hormone  or  saline  for  36  days  after  they  were  infected,  at  which  time  all 
were  killed. 

At  autopsy  there  was  marked  hypertrophy  of  the  uteri  of  all  the  noncastrated 
animals  receiving  antuitrin'S.  The  ovaries  of  these  animals  were  grossly  enlarged, 
and  microscopically  there  was  marked  hyperluteinization  of  the  entire  ovaries.  The 
uteri  of  the  castrated  animals  were  atrophic.  There  was  some  variation  in  the  size 
of  the  uteri  of  the  noncastrated  control  animals.  The  uterus  of  one  was  considerably 
enlarged,  and  the  ovaries  showed  a  number  of  corpora  lutea. 

The  results  of  the  macroscopic  and  microscopic  examination  of  the  organs  is 
shown  in  table  i.  The  estimate  of  the  severity  of  the  tuberculous  involvement  of  the 
various  organs  was  based  on  the  number,  nature  and  extent  of  the  tuberculous 
lesions.  The  lesions  were  graded  from  o  to  5+,  according  to  the  severity  of  the 
tuberculosis,  and  the  average  involvement  of  the  organs  determined.  It  will  be 
noted  that  there  is  very  little  difference  in  the  average  tuberculous  involvement  of 

^  The  antuitrin'S  used  was  generously  supplied  by  Parke,  Davis  6^  Company. 
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the  noncastrated  antuitrin-S  and  noncastrated  control  groups,  the  average  for  the 
most  extensively  involved  organ,  the  lung,  being  3.7  in  the  former,  and  3.0  in  the 
latter  group.  This  last  group  contained  only  4  animals  at  the  end  of  the  experiment, 
however,  and  was  considered  hardly  large  enough  to  be  significant.  However,  the 
average  involvement  of  the  lung  in  the  castrated  antuitrin-S  group  was  only  2.0. 
This  was  considerably  less  than  that  of  either  of  the  other  2  groups,  and  suggested 
that  castration  itself  might  confer  a  relative  immunity  to  tuberculosis.  Unfortunately 
there  was  no  castrated  control  group  with  which  to  compare  it.  It  was  decided  to 
repeat  the  experiment  using  a  larger  series  of  animals,  and  including  such  a  group. 


Table  i.  Effect  of  antuitriN'S  on  experimental  tuberculosis  in  the  rabbit 


Castrated,  antuitrin'S  group 

Noncaitrated,  antuitrin'S  group 

Noncaatrated,  control  group 

Rabbit 

No. 

Lung 

Spleen 

Liver 

Kidney 

Rabbit 

No. 

Lung 

Spleen 

Liver 

Kidney 

Rabbit 

No. 

Lung 

Spleen 

Liver 

Kidney 

I 

a-f- 

1  + 

0 

30 

4+ 

1  + 

1  + 

3  + 

a 

1+ 

1  + 

0 

31 

4+ 

0 

0 

9 

4+ 

1  + 

0 

1+ 

3 

1+ 

1  + 

0 

33 

3+ 

a-l- 

I-f 

0 

10 

0 

1+ 

0 

4 

>+ 

1+ 

0 

0 

33 

4+ 

1+ 

1+ 

0 

11 

3+ 

0 

1+ 

0 

5 

i-i* 

0 

0 

24 

4+ 

2+ 

1+ 

a+ 

13 

3+ 

0 

1+ 

0 

6 

1+ 

1+ 

0 

2J 

4+ 

a+ 

0 

0 

26 

3+ 

0 

0 

0 

29 

4+ 

0 

1+ 

1+ 

Avc. 

tlK. 

1.0 

l.X 

0.6 

0 

3-7 

I.O 

I.O 

I.O 

30 

o.a 

0.7 

0.1 

For  this  experiment  63  virgin  female  rabbits  were  obtained.  The  animals  were 
weighed  and  distributed  equally  according  to  weight.  Thirty'one  of  these  were 
castrated  by  removing  both  ovaries  through  an  abdominal  incision.  These  animals 
were  then  allowed  to  recuperate  from  the  operation  for  5  to  6  weeks  before  the 
experiment  proper  was  begun.  Twelve  of  the  noncastrated  animals  and  10  of  the 
castrated  animals  were  injected  subcutaneously  every  day,  including  Sundays,  with 
75  u  of  antuitrin'S.  Twenty  one  noncastrated  animals  and  20  castrated  animals  were 
used  as  controls,  and  were  injected  daily  with  0.75  cc.  of  sterile  normal  saline  solution, 
the  volume  of  this  being  the  same  as  that  of  antuitrin'S  given  the  first  group  of 
animals. 

Three  days  after  beginning  these  injections,  all  of  the  rabbits  were  inoculated 
subcutaneously  in  the  groin  with  0.5  cc.  of  a  suspension  of  moderately  virulent  bovine 
tubercle  bacilli.  Each  0.5  cc.  of  the  culture  contained  10  mg.  of  bacilli  by  moist 
weight.  The  suspension  of  bacilli  was  stirred  constantly  throughout  the  inoculation, 
and  the  rabbits  were  injected  in  rotation  from  each  of  the  4  groups. 

During  the  course  of  the  experiment,  4  of  the  noncastrated  control  animals  and 
5  of  the  castrated  animals  died  of  intercurrrent  infections.  No  tuberculosis  was 
found  at  autopsy  and  these  animab  are  not  included  in  our  final  analysis.  The  sur^ 
viving  animals  were  injected  with  the  hormone  or  saline  daily  for  75  days.  They 
were  killed  and  autopsied  72  days  after  their  inocubtion  with  tuberculosis.  As  in 
the  first  part  of  the  experiment  the  lesions  were  graded  according  to  their  extent 
and  severity  as  judged  by  macroscopic  and  microscopic  study. 

It  will  be  seen  from  table  2  that  there  is  strikingly  little  difference  in  the  degree 
of  tuberculosis  in  the  4  groups.  The  average  involvement  in  the  lung  varied  only  from 
2.3  to  2.6  and  there  is  just  as  little  variation  in  the  other  organs.  The  luteinization 
of  the  ovaries  and  enlargement  of  the  uterus  in  the  animals  receiving  antuitrin'S  in 
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this  experiment  were  much  less  marked  in  our  first  experiment.  This  eflFect  has  been 
observed  before.  Zondek  (la)  found  that  prolonged  administration  of  prolan  B  did 
not  cause  enlargement  of  the  uterus,  although  corpora  lutea  were  present.  Collip 
and  Anderson  (13)  thought  such  an  effect  due  to  the  production  of  antihormones.  In 
our  experiment,  there  were  no  degenerative  changes  in  the  ovaries. 

The  last  portion  of  our  experiment  was  designed  to  determine  the  effect  of 
antuitrin-S  on  the  course  of  experimental  tuberculosis  in  the  male  guinea  pig.  Twenty 
large  male  guinea  pigs  were  divided  into  2  groups,  so  that  both  groups  contained  ani- 
mals  of  approximately  the  same  weight.  Each  animal  in  the  first  group  was  injected 
daily  with  40  u  of  antuitrin'S.  Those  in  the  second  were  injected  with  an  equal 
volume  of  sterile  normal  saline. 

Three  days  after  the  beginning  of  these  injections  each  animal  was  inoculated 
in  the  groin  with  o.i  cc.  of  a  suspension  of  a  virulent  human  type  tubercle  bacillus. 
Microscopic  examination  of  the  suspension  showed  4  bacilli  per  oil  immersion  field. 
During  the  course  of  the  experiment  3  of  the  animals  receiving  antuitrin-S  and  2  of 
the  control  animals  died  of  intercurrent  infections  and  were  discarded.  They  showed 
no  tuberculosis  at  autopsy.  The  surviving  animals  were  autopsied  36  days  after 
infection. 

This  experiment  was  later  repeated  with  a  larger  series  of  animals  and  an  addi' 
tional  group  of  castrated  control  animals.  Sixteen  noncastrated  animals  were  injected 
daily  with  40  u  of  antuitrin'S.  Of  the  control  group  of  25  animals,  which  were 
injected  with  0.4  cc.  of  sterile  normal  saline  daily,  10  were  castrated  5  weeks  before 
the  injections  were  begun.  Three  days  after  starting  the  injections  we  inoculated  all 
the  animals  in  the  groin  with  o.i  cc.  of  a  suspension  of  the  strain  of  human  tubercle 
bacilli  used  above.  During  the  course  of  the  experiment  8  of  the  animals  receiving 
antuitrin'S,  8  noncastrated  controls,  4  castrated  controls  died  of  diseases  other  than 
tuberculosis  and  were  discarded.  The  surviving  animals  were  killed  and  autopsied 
56  days  after  infection.  The  lesions  were  graded  according  to  the  extent  and  severity 
of  tuberculosis  as  judged  by  macroscopic  and  microscopic  examination  of  the  tissues. 
The  results  of  this  experiment  are  shown  in  table  3.  It  will  be  noted  that  in  the  first 
series  there  is  slightly  less  tuberculosis  in  the  animals  receiving  antuitrin'S  than  in 
the  corresponding  organs  of  the  noncastrated  control  group.  The  average  tuberculous 
involvement  of  the  spleen  in  the  former  group  is  3.7  and  in  the  latter  2.8.  It  is 
interesting  that  the  castrated  control  animals  show  a  more  extensive  tuberculosis 
than  those  of  either  of  the  other  2  groups.  The  average  involvement  of  the  spleen 
in  the  castrated  group  is  4.1,  as  compared  with  3.7  and  2.8  for  the  other  groups, 
and  there  is  a  corresponding  difference  in  the  other  organs.  It  will  be  noted  that  this 
observation  is  the  reverse  of  that  in  the  first  rabbit  experiment,  where  the  castrated 
animals  receiving  antuitrin'S  showed  less  extensive  tuberculosis  than  the 
noncastrated  animals  receiving  the  same  hormone. 

DISCUSSION 

In  these  experiments  we  were  unable  to  demonstrate  any  difference  in  the  severity 
of  tuberculosis  between  a  group  of  noncastrated  female  rabbits  receiving  antuitrin'S 
and  a  group  of  noncastrated  control  animals.  Neither  was  there  any  demonstrable 
difference  between  a  group  of  castrated  female  rabbits  receiving  the  same  hormone 
and  a  castrated  control  series. 

There  was  a  slightly  less  severe  tuberculosis  in  our  first  series  of  noncastrated 
male  guinea  pigs  receiving  antuitrin'S  than  in  a  series  of  noncastrated  control  animals. 
In  our  second  series,  however,  the  reverse  was  true,  and  the  tuberculosis  was  slightly 
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more  severe  in  the  animals  receiving  antuitrin-S.  The  bovine  series  of  animals  was 
injected  for  39  days  and  the  latter  for  59.  There  is  nothing  in  our  results  to  indicate 
that  antuitrin-S  influences  experimental  tuberculosis  in  the  rabbit  and  guinea  pig 
either  favorably  or  unfavorably.  These  observations  agree  with  those  of  Adessi  (14) 
and  are  contrary  to  the  report  of  Steinbach  and  Klein  (ii),  that  antuitrin^S  exerts  a 
protective  effect  against  tuberculosis. 

We  wish  to  express  our  thanks  to  Dr.  Arnold  Rich  who  inspired  this  work,  and  under  whose 
direction  it  was  carried  out. 
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THE  INFLUENCE  OF  THE  GROWTH  PROMOTING 
HORMONE  OF  THE  ANTERIOR  LOBE  OF  THE  PITUL 
TARY  UPON  GROWTH  ACTIVITY  IN  THE  LONG 
BONES  OF  THE  RAT‘ 

EVELYN  SMITH  ROSS  and  FRANKLIN  C.  McLEAN 
From  the  Department  of  Physiology,  University  of  Chicago 

CHICAGO,  ILLINOIS 

The  experiments  reported  here  were  undertaken  to  determine  if  a  resumption 
of  growth  activity,  induced  by  administration  of  the  growth  promoting  hot' 
mone  of  the  anterior  lobe  of  the  pituitary,  could  be  demonstrated  histologically 
in  the  presence  of  persistent  but  inactive  zones  of  growth  in  the  long  bones.  We  also 
wished  to  determine  if  such  growth  activity  could  be  correlated  with  the  increase  in 
body  weight  characteristic  of  the  action  of  the  hormone  in  appropriately  selected 
experimental  animals. 

Most  of  the  studies  of  the  growth  promoting  hormone  have  been  concerned  with 
the  end  results  of  growth;  that  is,  gross  increase  in  size  and  weight  of  the  animals  or 
of  individual  organs  and  increase  in  length  of  the  bones.  The  literature  on  these 
studies,  and  on  the  question  of  the  existence  of  a  separate  growth  promoting  hor¬ 
mone,  has  recently  been  reviewed  (i).  While  most  workers  have  found  that  they  could 
produce  at  least  a  temporary  acceleration  in  the  rate  of  increase  in  body  weight  of 
experimental  animals,  evidence  is  still  incomplete  as  to  whether  or  not  this  is  corre¬ 
lated  with  a  proportionate  increase  in  the  size  of  the  skeleton.  Some  have  reported 
symmetrical  increase  in  size  of  the  whole  body,  but  clinical  reports  have  generally 
been  disappointing  with  respect  to  increase  in  height,  even  with  the  epiphy.seal 
cartilage  plates  still  intact  (2).  For  these  reasons,  and  in  view  of  the  fact  that  the  hor¬ 
mone  is  usually  standardized  by  its  effect  upon  the  body  weight,  it  appears  desirable 
to  obtain  as  much  direct  evidence  as  possible  upon  the  effect  of  the  growth  promoting 
hormone  upon  the  growth  mechanism  in  the  long  bones.  Since  growth  in  these  loca¬ 
tions  forms  one  of  the  few  instances  in  which  growth  activity  may  be  studied  and 
appraised  by  histological  methods,  it  is  remarkable  that  this  possibility  has  not  been 
exploited  more.  Such  direct  observation  of  growth  processes  in  the  long  bones  is 
particularly  desirable  in  the  study  of  the  growth  promoting  hormone,  since  the  chief 
interest  in  this  hormone  is  in  its  ability  to  cause  growth  of  the  skeleton  and  in  the 
conditions  under  which  this  ability  may  be  exercised 

Growth  in  length  of  a  long  bone  is  almost  entirely  restricted  to  the  zone  which 
joins  the  epiphysis  to  the  diaphysis.  Here  is  located  a  mechanism  which,  in  the  major¬ 
ity  of  animals,  functions  during  the  period  of  growth  and  is  then  replaced  by  bony 
unicn.  Under  physiological  conditions  growth  occurs  by  a  continuous  invasion  of 
the  proliferating  epiphyseal  cartilage  by  capillaries  and  osteogenic  cells,  and  its  re¬ 
placement  by  diaphyseal  bone.  The  net  result  of  this  process  is  that  the  cartilage 

•  This  work  was  aided  by  a  grant  from  the  Therapeutic  Research  Committee  of  the  Council  on 
Pharmacy  and  Chemistry,  American  Medical  Association.  We  are  indebted  to  Parke,  Davis  Co.  for 
supplies  of  antuitrin-G  and  to  the  Wilson  Laboratories  for  the  phyone  used  in  these  experiments. 
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plate  remains  at  approximately  constant  thickness,  while  the  diaphysis  of  the  bone 
increases  in  length.  The  new  bone  is  laid  down  on  a  framework  of  calcified  cartilage 
matrix,  which  persists  when  the  cartilage  is  invaded.  Growth  in  length  of  the  bones 
is  dependent  upon  proliferation  of  the  cartilage,  but  unless  the  mechanism  functions 
as  a  whole,  physiological  growth  cannot  occur.  Because  of  the  necessity  of  considering 
the  growth  mechanism  as  a  unit  we  have  adopted  the  term  “growth  apparatus”  for 
the  purposes  of  this  paper,  with  the  understanding  that  it  includes  those  elements 
of  both  cartilage  and  bone  which  are  responsible  for  increase  in  the  length  of  the  long 
bones.  Included  within  this  concept  of  a  functional  unit,  in  addition  to  the  fixed 
elements  of  cartilage  and  bone,  are  the  capillaries  and  the  mesenchymal  cells  of  the 
bone  marrow,  which  play  an  essential  role  in  the  removal  of  cartilage  and  in 
osteogenesis. 

Administration  of  the  growth  promoting  hormone  to  animals  whose  epiphyses 
have  closed  by  bony  union  is  of  course  useless  insofar  as  further  skeletal  growth  is 
concerned.  On  the  other  hand,  administration  of  the  hormone  to  animals  in  a  state 
of  rapid  growth  is  apt  to  lead  to  equivocal  results,  owing  to  the  difficulty  of  detecting 
any  slight  changes  when  the  growth  activity  is  already  approaching  a  maximum. 
There  remains  the  possibility  of  studying  the  changes  induced  by  the  hormone  in  a 
condition  of  arrested  or  retarded  growth,  with  the  growth  apparatus  still  intact. 
Such  a  quiescent  condition  may  be  induced  by  removal  of  the  hypophysis.  It  occurs 
physiologically  in  certain  of  the  long  bones  of  the  rat  at  about  the  age  of  6  months, 
at  which  time  the  growth  plateau  in  body  weight  is  also  attained  (5).  In  rats  at 
this  stage  epiphyseal  union  has  occurred  in  many  of  the  bones,  but  in  the  distal  end 
of  the  femur  and  the  proximal  end  of  the  tibia  the  cartilage  persists,  with  growth 
activity  at  a  minimum  (4). 

The  experiments  here  reported  were  with  rats  in  the  physiological  state  of  sus" 
pended  growth  activity  just  described,  and  were  directed  toward  the  study  of  the 
resumption  of  this  activity  under  the  influence  of  the  growth  promoting  hormone. 
In  an  effort  to  be  able  to  observe  the  maximum  activity,  rather  than  the  maximum  of 
growth  achieved,  the  experiments  were  undertaken  as  soon  as  possible  after  the 
growth  apparatus  became  quiescent,  and  the  animals  were  killed  as  soon  as  a  pro' 
nounced  effects  upon  body  weight  had  been  demonstrated.  No  attempt  was  made  to 
study  the  course  of  the  response  of  the  growth  apparatus  to  the  hormone,  and  our 
observations  represent  only  a  cross  section  of  this  response,  at  a  time  assumed  by  us 
to  represent  its  maximum. 

It  should  be  emphasized  that  a  corresponding  state  of  arrested  activity  without 
bony  union  does  not  normally  occur  in  man,  and  that  results  of  studies  such  as  this 
should  be  applied  to  the  conditions  in  man  only  with  extreme  care.  On  the  other 
hand,  certain  cases  of  arrested  growth  in  man  are  associated  with  persistence  of  the 
epiphyseal  cartilage  plates  of  the  long  bones  in  a  quiescent  state.  Studies  of  the 
effect  of  the  growth  promoting  hormone  in  the  similar  condition  occurring  physio' 
logically  in  the  rat  are  therefore  not  without  bearing  upon  the  problems  of  arrested 
growth  in  man. 

EXPERIMENTAL 

The  animals  used  in  these  experiments  were  white  rats,  of  mixed  strains.  Both 
male  and  female  animals  were  used,  but  in  each  experiment  the  rats  were  litter  mates 
of  the  same  sex.  In  some  cases  two  litters  were  combined,  the  members  of  each  litter 
being  divided  between  controls  and  experimental  animals.  In  each  experiment  weight 
curves  were  established  in  a  control  period  of  approximately  3  weeks  preceding  the 
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experimental  period,  which  was  planned  to  start  when  the  rats  had  attained  an  age 
of  6  to  7  months. 

During  the  experimental  period  daily  injections  of  a  preparation  of  the  growth 
promoting  hormone  were  given  to  the  experimental  animals,  the  control  animals 
being  kept  under  identical  conditions  except  for  the  injections.  All  animals  were 
maintained  on  fox  chow  (Purina)  or  Bills’  stock  diet  (5)  during  the  control  and  experi' 
mental  periods,  and  in  most  cases  from  the  time  of  weaning  at  the  age  of  21  days. 
At  the  end  of  the  experimental  period,  generally  as  soon  as  a  marked  effect  upon  the 
weight  curves  of  the  experimental  animals  had  been  observed,  the  animals  were 
killed  and  the  distal  end  of  the  femur  and  the  proximal  end  of  the  tibia  were  dis¬ 
sected  out  together,  fixed  in  Zenker-formol,  embedded  in  nitrocellulose,  decalcified 
in  nitric  acid,  sectioned,  and  stained  with  hematoxylin-eosin  azur  II  and  with  the 
Mallory  azan  method. 

Controls.  Table  1  illustrates  the  results  of  examination  of  the  distal  end  of  the 
femur  and  the  proximal  end  of  the  tibia  in  13  normal  female  rats  at  ages  of  from  6.5 
to  7.5  months.  For  comparison  2  normal  males  are  included.  The  growth  activity, 
involving  the  epiphyseal  cartilage  and  the  adjacent  spongiosa,  herein  referred  to  as 
the  growth  apparatus,  is  rated  by  an  index,  using  a  scale  from  o  to  4,  in  which  4 
represents  maximum  activity.  The  criteria  themselves,  which  are  a  further  develop¬ 
ment  of  those  used  by  Smith  and  McLean  (7),  will  be  described  in  connection  with 
the  illustrative  material.  The  ratings  recorded  in  this  paper  were  the  means  of 
ratings  made  independently  by  three  different  observers. 


Table  i.  Summary  of  findings  in  all  untreated  animals  examined,  weight  increase  is  for  expert 

MENTAL  PERIOD  USUALLY  7-I4  DAYS  BEFORE  DEATH 


- 

No. 

Age  a 

t death 

Weight 

increase 

Index  of  growth  activity 

Tibia 

Femur 

Ave.  for 
group 

mo. 

% 

Normal  females 

60 

6 

14 

—  2.6 

0.3 

0 

61 

6 

M 

1.6 

0.7 

0 

150 

6 

21 

-0.5 

0.7 

0 

151 

6 

18 

1.8 

2-3 

1-7 

210 

6 

14 

1.4 

0.7 

0.7 

212 

6 

14 

3-1 

1.0 

1-3 

230 

6 

13 

1-4 

0.7 

1.0 

231 

6 

13 

1-4 

I.O 

0.7 

235 

6 

18 

1-4 

0 

0 

321 

6 

16 

-0.5 

0.7 

0.7 

290 

7 

18 

0 

1.0 

1.0 

291 

6 

19 

2.2 

0.7 

0.7 

292 

7 

3 

1-4 

0.7 

0.7 

0.8 

Normal  males 

280 

7 

11 

-1.9 

1-7 

1.3 

281 

7 

11 

0 

1.0 

I.O 

i.iy 

The  state  of  the  growth  apparatus  in  the  proximal  end  of  the  tibia  in  three  of  the 
controls  is  illustrated  in  figures  2,  3  and  4.  Animal  235,  figure  4,  exhibits  practically 
complete  cessation  of  growth  at  the  age  of  6  months  and  18  days,  and  was  rated  o 
by  all  three  observers.  The  picture  in  this  case,  which  resembles  that  described  by 
Dawson  (6)  for  much  older  animals,  and  that  by  Smith  and  McLean  (7)  for  younger 
animals  under  the  influence  of  hyperthyroidism,  is  of  distortion  of  the  cartilage, 
loss  of  the  orderly  arrangement  of  the  cartihge  cells  in  rows,  diminution  in  division 
and  maturation  of  cartilage  cells  and  increase  in  the  proportion  of  matrix  to  cells. 
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Formation  of  hypertrophic  cartilage  and  its  invasion  by  capillary  loops  have  ceased, 
or  are  reduced  to  a  minimum,  the  primary  spongiosa  has  almost  disappeared  by 
resorption  and  failure  of  replacement,  and  osteoblastic  activity  has  ceased,  or  nearly 
so.  The  diaphyseal  face  of  the  cartilage  plate,  as  well  as  the  epiphyseal  side,  is 


Days 

Fig.  I.  Weight  curves  for  experiment  ij.  Female  rats.  Rats  230,  231,  233,  234,  litter  mates  born 
11/11/37.  132. 235,  litter  mates,  bom  11/16/37.  Ckintrol  period  began  4/13/38,  experimental  period 

5/21/38.  Experimental  animals  received  0.2  cc.  phyone  (Wilson  Laboratories)  per  100  gm.  body  weight 
subcutaneously  daily  for  12  days.  Details  of  Endings  in  table  1  and  1  and  in  figures  2-7. 

partly  covered  with  a  thin  and  irregular  plate  of  bone  in  continuity  with  the  cartilage, 
and  such  minimal  growth  as  is  occurring  is  by  direct  transformation  of  cartilage  into 
bone.  This  is  the  extreme  of  arrest  of  growth  activity  for  animals  of  this  age,  and  was 
exhibited  in  the  tibia  by  only  one  of  the  15  animals  included  in  table  i. 

Figs.  2-4.  Epiphyseal  cartilage  plates  and  adjacent  tissues  from  proximal  ends  of  tibiae  of 
NORMAL  FEMALE  RATS,  DESCRIBED  IN  FIGURE  1.  Hematoxylin-eosin  azur  II,  X85.  Fig.  2.  Rat  230,  normal 
control,  age  6  months  23  days.  Marked  retardation  of  growth  activity,  rated  0.7  on  icale  of  4.  Moderate 
activity  in  cartilage,  slight  invasion  by  capillaries,  primary  spongiosa  nearly  absent,  thin  coating  of  bone 
over  much  of  diaphyseal  face  of  cartilage.  Osteoblastic  activity  at  minimum.  Fig.  3.  Rat  231,  normal  con- 
trol,  litter  mate  of  230.  Marked  retardation  of  growth  activity,  rated  i.o  on  scale  of  4.  Slight  activity  in 
cartilage,  slight  invasion  by  capillaries,  remnants  of  primary  spongiosa  heavily  coated  with  bone,  modet' 
ate  osteoblastic  activity.  Fig.  4.  Rat  235,  normal  control,  age  6  months  18  days.  Minimum  growth  ac¬ 
tivity,  rated  o.  Minimum  activity  in  cartilage,  no  invasion  by  capillaries,  primary  spongiosa  absent, 
thin  coating  of  bone  over  much  of  diaphyseal  face  of  cartilage.  Virtually  no  osteoblastic  activity. 
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Animals  230  and  231,  figures  2  and  3,  were  litter  mates,  but  from  another 
litter.  They  exhibit  a  state  of  growth  activity  more  typical  for  animals  of  this  age 
and  at  the  same  time  illustrate  the  variations  possible  in  normal  animals.  There  are 
still  cartilage  cells  in  the  process  of  dividing,  and  some  cell  lacunae  are  being  opened 
and  invaded  by  capillary  loops.  Animal  230  shows  evidence  of  cartilage  activity, 
but  with  very  little  capillary  invasion  and  almost  complete  disappearance  of  the  pri' 
mary  spongiosa.  Animal  231  shows  less  activity  of  the  cartilage  and  little  if  any 
growth  of  new  primary  spongiosa,  but  there  is  persistence  of  a  considerable  amount 
of  old  spongiosa,  characterized  by  a  heavy  deposit  of  bone  on  the  deep'Staining  core 
of  cartilage  matrix.  The  pictures  in  these  two  animals  represent  states  of  marked 
retardation  of  growth  activity,  with  all  of  the  functional  units  persisting  and  pre- 
sumably  ready  for  resumption  of  activity  under  the  proper  stimulus. 

One  normal  female  (rat  151)  included  in  table  i  exhibited  a  state  of  growth 
activity  greater  than  that  of  the  2  animals  just  described.  The  persistence  of  growth 
activity  in  this  animal  must  be  attributed  to  individual  variation.  The  2  male  animals 
included  in  table  i  exhibit  a  state  of  growth  activity  somewhat  greater  than  the 
average  for  the  females,  but  in  view  of  the  small  number  of  normal  males  examined 
this  difference  cannot  be  regarded  as  significant. 

Effects  of  growth  promoting  hormone.  Our  experiments  included  intraperitoneal 
and  subcutaneous  administration  of  preparations  of  a  ‘growth  promoting  hormone’ 
obtained  from  two  sources.  Intraperitoneal  administration  of  antuitrin'G  (Parke, 
Davis  6^  Co.)  in  doses  up  to  a  total  of  6.0  cc.  per  100  gm.  of  body  weight  in  32 
days,  and  of  phyone  (Wilson  Laboratories)  in  similar  doses  failed  to  give  consistent 
results  either  with  respect  to  increase  in  body  weight  or  growth  activity.  For  this 
reason  the  findings  in  these  animals  are  not  included  in  this  report,  but  the  control 
animals  from  the  groups  are  included  in  table  i.  The  findings  to  be  reported  include 
all  of  the  experiments,  4,  in  which  phyone  was  administered  subcutaneously  to  a 
total  of  12  animals,  including  9  females  and  3  males,  with  9  litter 'mate  controls, 
including  7  females  and  2  males.  The  results  in  this  series  of  animals  were  consistent 
in  that  all  of  the  controls  showed  marked  retardation  of  growth  activity  while  all 
of  the  treated  animals  showed  resumption  of  growth  activity  in  the  growth  apparatus 
of  the  distal  end  of  the  femur  and  the  proximal  end  of  tibia.  Two  males  and  1  female 
failed  to  show  an  increase  in  weight  of  at  least  4%  of  the  original  body  weight,  in 
1 1  and  9  days  respectively. 

Experiment  23  is  reported  in  full,  as  characteristic  of  the  findings  in  the 
4  experiments  reported.  Figure  i  illustrates  the  weight  curves  and  the  protocol  of  the 
experiment.  Figures  2  to  7  illustrate  the  state  of  the  growth  apparatus  of  the  proximal 
end  of  the  tibia  in  the  3  control  and  the  3  experimental  animals  at  the  end  of  the 
experiment.  The  contrast  between  the  histological  findings  in  the  control  and  in  the 
experimental  animals  is  apparent  on  inspection.  The  process  of  growth  in  the  cartilage 

Figs.  5-7.  Epiphyseal  cartilages  and  adjacent  tissues  from  proximal  ends  of  tibiae  of  treated 
FEMALE  RATS,  DESCRIBED  IN  FIGURE  I.  Each  tat  rcccivcd  0.1  cc.  of  a  growth  promoting  hormone  prepara¬ 
tion  (phyone)  per  100  gm.  of  body  weight  subcutaneously  daily  for  12  days.  Further  description  in 
6gure  I  and  in  text.  Hematoxylin-eosin  atur  II,  X8y.  Fig.  y.  Rat  232,  litter  mate  of  235,  treated  with 
growth  promoting  hormone.  Resumption  of  active  growth,  rated  j.j  on  scale  of  4.  Proliferation  and 
hypertrophy  of  cartilage  cells.  Invasion  by  capillaries  very  active.  Reconstitution  of  primary  spongiosa 
with  active  osteoblastic  apposition  of  bone  on  cores  of  cartilage  matrix.  Fig.  6.  Rat  233,  litter  mate  of 
230  and  231,  treated  with  growth  promoting  hormone.  Resumption  of  active  growth,  rated  J.3  on  scale 
of  4.  Activity  essentially  as  in  232,  fig.  j.  Fig.  7.  Rat  234,  fitter  mate  of  233,  treated  with  growth  promot¬ 
ing  hormone.  Resumption  of  growth  activity,  rated  i.j  on  scale  of  4.  Activity  about  midway  between 
animals  230,  fig.  1,  and  233,  fig.  6.  Moderate  activity  in  cartilage,  moderately  active  invasion  bycapil- 
hries,  partial  reconstruction  of  primary  spongiosa  with  moderately  active  osteoblastic  apposition 
of  bone. 
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and  in  the  adjacent  spongiosa,  typical  of  younger  rats,  has  been  described  in  detail 
by  Dodds  (8,  9)  and  has  previously  been  illustrated  by  Smith  and  McLean  (7).  It 
is  here  illustrated  by  the  treated  animals.  The  cartilage  cells  comprise  the  greater 
part  of  the  cartilage  plate.  They  follow  an  orderly  arrangement  in  rows,  and  the 
process  of  cell  division,  growth  and  enlargement  to  the  state  of  hypertrophic  carti- 
lage  is  uniform  throughout  the  plate.  At  the  junction  with  the  diaphysis  the  lacunae 
of  the  hypertrophic  cartilage  cells  are  invaded  by  capillary  loops,  accompanied  by 
osteogenic  cells.  The  cartilage  cells  disappear,  and  appxjsition  of  bone  on  the  remain- 
ing  cartilage  matrix  by  the  osteogenic  cells,  now  clearly  recognizable  as  osteoblasts, 
begins.  The  primary  spongiosa,  composed  of  persisting  spicules  of  cartilage  matrix, 
upon  which  bone  is  apposed,  is  thus  formed.  It  undergoes  a  thinning  out  process,  its 
growth  in  length  is  controlled  by  resorption,  and  it  is  gradually  transformed  into  the 
secondary  spongiosa. 

The  ratings  given  to  the  growth  activity  in  the  bones  illustrated  are  included 
in  the  record.  An  index  of  4  represents  the  maximum  recognizable  activity,  and 
between  this  and  the  extreme  state  of  quiescence  described  above  and  illustrated  in 
figure  4  are  the  variations  in  growth  activity  observed  by  us.  The  criteria  for  growth 
activity  may  be  summarized  briefly  as  follows. 

In  the  cartilage : 

Orderly  arrangement  of  cartilage  cells  in  rows 

Preponderance  of  cells  over  matrix 

Cell  division,  growth  and  hypertrophy  uniform 

At  the  junction  of  the  cartilage  with  the  spongiosa: 

Invasion  of  hypertrophic  cartilage  by  capillaries 
and  osteogenic  cells,  uniformly  across  cartilage 

In  the  spongiosa: 

Formation  of  primary  spongiosa  as  continuation  of  cartilage  matrix 
Abundance  of  osteoblasts  applied  to  surface  of  trabeculae 
Apposition  of  bone  on  cores  of  calcified  cartilage  matrix 

Of  these  criteria  the  most  clearly  recognizable  are  the  opening  of  the  cartilage 
cells  by  the  capillaries  and  the  abundance  of  active  osteoblasts  in  the  primary 
spongiosa.  When  active  the  osteoblasts  have  a  characteristic  form;  when  they 
became  inactive  they  elongate  and  assume  the  form  of  fibroblasts.  The  presence  of 
large  numbers  of  active  osteoblasts  is  invariably  associated  with  a  process  of  active 
growth,  and  this  criterion  of  activity  emphasizes  the  necessity  of  studying  the 
growth  apparatus  as  a  whole,  rather  than  the  cartilage  plate  alone. 

Rating  of  the  criteria  on  an  arbitrary  scale  is  of  course  influenced  by  a 
large  subjective  element.  So  far  as  possible  this  has  been  eliminated  by  combining 
the  judgment  of  several  independent  observers.  In  the  instances  here  recorded  the 
differences  between  the  treated  and  untreated  animals  were  much  greater  than  the 
errors  or  individual  differences  in  making  the  observations. 

Table  2  records  the  findings  in  all  of  the  animals  given  subcutaneous  injections 
of  phyone.  In  view  of  the  marked  and  consistent  differences  between  the  control  and 
experimental  animals  there  can  be  no  doubt  that  phyone  has  induced  a  resumption 
of  growth  activity  in  all  of  the  experimental  animals. 

At  the  age  of  7  to  8  weeks  there  is  in  rats  active  endochondral  ossification  and 
growth  of  bone  at  the  internal  faces  of  the  articular  cartilages  of  the  distal  end  of  the 
femur  and  of  the  proximal  end  of  the  tibia.  In  all  of  the  animals  examined  at  the  age 
of  6  months  or  more  this  process  had  ceased,  and  the  articular  cartilage  was  every¬ 
where  in  continuity  with  bone.  In  no  case,  following  administration  of  the  growth 
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promoting  hormone,  was  there  resumption  of  endochondral  ossification  in  the 
articular  cartilage. 

DISCUSSION 

Freud,  Laqueur  andMiihlbock  (10)  have  recently  reviewed  the  literature  on  histo¬ 
logical  studies  of  the  effects  of  the  growth  promoting  hormone,  and  conclude  that 
the  effect  of  this  hormone  is  localized  in  the  proliferating  zone  of  cartilage.  This 
conclusion  is  based  chiefly  upon  the  studies  of  Freud  and  his  coworkers  (11,  12,  13) 
on  the  vertebrae  of  the  tails  of  rats.  Under  normal  conditions  the  epiphyses  of  these 
vertebrae  are  closed  by  about  the  120th  day  of  life  (13),  In  order  to  make  use  of  them 
for  studies  of  growth  it  is  necessary  to  use  hypophysectomized  animals.  In  such 
animals,  hypophysectomized  at  the  age  of  45  days,  Freud,  Levie  and  Kroon  (12) 


Table  2.  Summary  of  findings  in  all  animau  injected  subcutaneously  with  phyone.  Normal 

CONTROLS  IN  TABLE  I  MAY  BE  RECOGNIZED  BY  FIRST  TWO  DIGITS  OF  ANIMAL  NUMBERS 
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9 
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2.4 
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6 
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18 
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9 
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13 
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11 
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7 
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6 
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3-0 
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9 

7 
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7 

18 

6.0 

2-7 

3-0 

3.1 
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9 

9 

1.8 

6 

16 

3-6 

3-0 

3-3 

322 

9 

9 

1.8 

6 

16 

8.8 

30 

3-3 

3-2 

Average  for  all  j .  2 


report  that  unless  administration  of  growth  hormone  is  begun  promptly  after 
operation  final  closure  of  the  epiphyses,  irreversible  by  growth  promoting  hormone, 
occurs.  If,  however,  growth  hormone  treatment  is  instituted  promptly,  epiphyseal 
closure  is  prevented  and  normal  longitudinal  growth  in  the  tail  is  maintained. 
The  epiphyses  may  even  be  kept  open  longer  than  in  normal  animals.  The  histological 
changes  in  the  epiphyseal  cartilage  plates  shortly  after  hypophysectomy  are  similar 
to  those  exhibited  at  the  end  of  the  normal  growth  period,  and  described  in  this 
paper.  If,  however,  administration  of  growth  promoting  hormone  is  instituted, 
normal  growth  processes  are  restored,  and  the  columns  of  cartilage  cells  may  be 
even  more  regular  and  the  cells  more  numerous  than  in  normal  controls  from  the  same 
breed,  the  growth  discs  in  particular  containing  more  cells. 

From  these  findings  Freud,  Levie  and  Kroon  (12)  conclude  that  the  growth  defect 
after  hypophysectomy  is  definitely  localized  in  the  growing  epiphyseal  cartilage, 
and  that  the  terms  ‘growth  hormone’  and  ‘chondrotropic  hormone’  are  therefore 
synonymous.  They  further  maintain  that  growth  effected  by  means  other  than 
chondrotropic  should  henceforth  be  dissociated  from  the  conception  of  growth 
hormone.  These  writers  focus  their  attention  on  the  cartilage,  and  neglect  to  describe 
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the  growth  of  bone  which  must  also  have  occurred  in  the  vertebrae  of  their  treated 
animals.  As  may  be  inferred  from  our  concept  of  the  growth  apparatus  we  prefer 
to  interpret  both  their  findings  and  ours  as  a  specific  effect  of  the  hormone  on  this 
apparatus,  without  attempting  to  decide  which  of  the  individual  evidences  of  re- 
sponse  is  primary.  Nor  do  we  feel  that  the  effect  upon  the  growth  apparatus  in  the 
bones  excludes  the  possibility  of  specific  effects  upon  growth  processes  elesewhere 
in  the  body,  even  though  they  may  not  be  demonstrable  histologically. 

Lucke  and  Hiickel  (14)  administered  preparations  of  the  growth  promoting  hot- 
mone  to  rats  daily  for  a  period  of  6  months,  beginning  at  the  age  of  6  weeks,  and 
made  histological  examinations  of  the  distal  end  of  the  femur  and  the  proximal  end 
of  the  tibia  at  the  end  of  this  time.  Their  experiments  thus  covered  the  time  during 
which  the  epiphyseal  cartilage  plates  in  these  bones  normally  lapse.  They  found  that 
the  cartilage  discs  exhibited  a  marked  but  variable  thickening,  chiefly  at  the  centers, 
resulting  from  a  proliferation  of  cartilage  cells  and  an  increase  in  ground  substance. 
As  will  be  seen  from  their  illustrations  the  thickening  of  the  cartilage  plates,  resulting 
from  a  marked  increase  in  the  ground  substance  of  the  cartilage,  was  beyond  physio¬ 
logical  limits.  Their  findings  are  therefore  not  comparable  with  ours,  but  do  not  con¬ 
flict  with  those  reported  here,  as  the  conditions  of  administration  were  entirely 
different.  Since  the  growth  promoting  hormone  used  by  us  was  prepared  by  extract¬ 
ing  pituitary  glands  with  dilute  alkali  we  have  also  regarded  studies  of  the  action  of 
acid  extracts  of  these  glands  as  not  comparable  with  ours. 

Of  the  12  animals  treated  with  the  growth  promoting  hormone  all  responded  with 
marked  activity  in  the  growth  apparatus  of  the  long  bones.  Three,  including  2  out 
of  3  treated  male  animals,  and  i  out  of  9  treated  females  failed  to  respond  by  an 
increase  of  at  least  4%  of  the  body  weight.  Failure  of  males  to  exhibit  a  striking  effect 
upon  body  weight  is  well  known  (3).  In  these  experiments  the  response  of  the  growth 
activity  was  a  better  criterion  of  the  effect  of  the  hormone  than  was  increase  in  body 
weight. 

The  appearance  of  histologically  demonstrable  growth  activity  in  a  growth 
apparatus  which  had  been  in  a  state  of  physiological  quiescence  offers  many  possi¬ 
bilities  for  further  exploration.  It  has  not  been  determined  how  long  the  quiescent 
growth  apparatus  retains  the  ability  to  respond  to  the  stimulus  of  the  growth  pro¬ 
moting  hormone.  The  observations  of  Freud,  Levie  and  Kroon  (12)  are  not  relevant 
to  this  point,  since  they  were  concerned  with  epiphyses  which  closed  by  bony 
union.  It  has  also  not  been  determined  how  long  the  response  to  the  hormone, 
once  begun,  can  be  made  to  continue.  It  is  also  desirable  to  determine  what  histo¬ 
logical  state  of  the  growth  apparatus  is  correlated  with  its  ability  to  respond  to  the 
hormone. 

SUMMARY 

It  has  been  demonstrated  that  a  preparation  of  the  growth  promoting  hormone 
of  the  anterior  lobe  of  the  pituitary,  administered  subcutaneously  to  rats  during  the 
the  period  of  weight  plateau  at  the  age  of  6  months  or  shortly  thereafter,  induces 
histologically  recognizable  evidences  of  active  growth  in  quiescent  or  lapsed  epiph¬ 
yseal  cartilage  plates  and  the  adjacent  spongiosa.  Criteria  for  the  rating  of  growth 
activity  in  the  epiphyseal  cartilage  plates  and  at  the  junctions  of  the  cartilage  with 
the  diaphyses  are  described.  Resumption  of  growth  activity  in  the  lapsed  cartilage 
plates  and  in  the  adjacent  spongiosa  was,  in  these  experiments,  a  better  indicator 
of  the  effectiveness  of  the  hormone  preparation  than  was  increase  in  body  weight. 
Intraperitoneal  administration  of  two  preparations  of  the  growth  promoting  hor¬ 
mone  failed  to  give  consistent  results  with  respect  either  to  increase  in  body  weight 
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or  in  growth  activity.  In  no  case,  following  administration  of  the  growth  promoting 
hormone,  was  there  resumption  of  endochondral  ossification  in  the  articular  cartilage. 
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INABILITY  OF  DESOX YCORTICOSTERONE  ACETATE  TO  PROTECT 
ADRENALECTOMIZED  RATS  AGAINST  TYPHOID  VACCINE* 

L.  N.  Ettelsonf 

The  effectiveness  of  desoxycorticosterone  acetate  in  prolonging  the  lives  of  patients 
with  Addison’s  disease,  and  of  animals  with  experimental  adrenal  insufficiency,  has 
been  thoroughly  established.  The  changes  which  occur  in  the  various  blood,  urine 
and  tissue  constituents  during  the  reversal  of  the  adrenal  insufficiency  pattern  have  been 
well  studied.*'*  One  phase  of  adrenal  insufficiency  which  does  not  seem  to  have  been  sub¬ 
jected  to  investigation  is  the  lowered  resistance  to  toxins.  In  1923  Hartman  and  Scott 
clearly  showed  that  it  was  possible  to  protect  the  adrenalectomized  animal  against  lethal 
doses  of  typhoid  vaccine  by  means  of  cortico-adrenal  extracts.*  Others  have  since  then  con¬ 
firmed  this  finding.  The  observation  was  repeated  in  this  laboratory,  using  a  highly  purified 
extract  of  recent  development.* 

With  the  advent  of  synthetic  cortico-adrenal  compounds,  of  which  desoxycorticosterone 
is  the  most  active,  it  was  of  interest  to  determine  whether  the  synthetic  substance  would 
duplicate  the  action  of  extracts  in  this  particular  regard.  Accordingly,  experiments  were 
carried  out  for  this  purpose. 

Procedure.  Wistar  rats,  weighing  between  80  and  120  gm.,  were  adrenalectomized  under 
nembutal  anesthesia.  The  operation  included  removal  of  accessory  gland.  Litter  mates  were 
selected  where  possible,  and  4  to  6  animals  were  operated  on  at  one  time.  The  day  after 
operation  animals  which  appeared  weak  were  discarded  and  only  those  which  appeared 
fairly  active  and  vigorous  were  chosen  for  further  observation.  These  latter  animals  were 
divided  into  2  groups,  and  treatment  with  either  2  mg.  daily  doses  of  desoxycorticosterone 
acetate,  or  2  cc.  of  adrenal  cortex  extract,  was  given.  J  Daily  records  of  the  weight,  appetite 
and  activity  were  made.  After  5  to  10  days  of  such  treatment  the  animals  were  each  given  an 
intraperitoneal  dose  of  typhoid  vaccine  §  varying  from  0.5  to  0.8  cc.  Visible  signs  of  toxic 
effect,  such  as  inactivity,  prostration,  respiratory  distress  and  rapid  death  were  recorded, 
and  if  the  animal  were  alive  on  the  next  day,  treatment  with  adrenal  substance  was  con¬ 
tinued  daily  or  every  other  day  until  an  observation  period  of  3  weeks  was  completed.  A 
few  of  the  animals  in  each  group  were  subjected  to  second  vaccine  injections  24  to  48  hours 
after  the  first. 

Results.  Of  a  group  of  20  adrenalectomized  rats  receiving  2  mg.  of  desoxycorticosterone 
acetate  daily,  10  died  within  24  hours  followed  the  vaccine  injection.  Many  of  those  which 
were  injected  in  the  morning  were  observed  to  become  rapidly  prostrated  and  die  within 
6  hours.  Those  injected  in  the  afternoon  were  found  dead  in  their  cages  the  following 
morning.  Six  of  the  group  underwent  severe  toxic  reactions,  as  evidenced  by  prostration, 
respiratory  distress  and  asthenia  lasting  several  days  despite  continued  treatment.  Four 

•  This  work  was  supported  by  the  Mary  L.  Weinberger  Fund  of  the  Jewish  Hospital,  Philadelphia. 
Pennsylvania. 

t  From  the  Research  Laboratory  of  the  Jewish  Hospital,  Philadelphia,  Pennsylvania. 

X  Desoxycorticosterone  acetate  was  supplied  through  the  courtesy  of  Dr.  Max  Gilbert,  of  the 
Schering  Corporation,  and  Dr.  R.  MacBrayer,  of  Ciba  Pharmaceutical  Products,  Inc.  A  generous  supply 
of  adrenal  cortex  extract  was  given  by  Dr.  David  Klein,  of  Wilson  Laboratories,  Chicago,  Ill. 

§  The  type  of  vaccine  used  herein  was  prepared  without  the  use  of  much  heat,  and  supposedly 
retains  soluble  typhoid  toxins. 
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suffered  very  mild  effects  and  were  subjected  to  second  typhoid  vaccine  injections  48  hours 
later.  Three  of  these  died  as  a  result  of  the  second  vaccine  injection,  while  the  fourth  sur¬ 
vived.  This  latter  animal  proved  to  have  a  well-developed  accessory  gland  when  autopsied 
some  time  later. 

It  has  been  shown  that  certain  effects  of  adrenal  cortical  hormone  are  not  apparent  at 
maintenance  or  slightly  larger  doses.  Thus  Rose^  was  not  able  to  demonstrate  any  effect 
on  the  abnormally  high  histamine  content  of  adrenalectomized  rat  tissue  with  2  mg.  doses  of 
desoxycorticosterone  acetate,  whereas  with  4  to  8  mg.  dosage  the  histamine  content  could  be 
brought  to  normal  levels.  Since  no  protective  action  against  typhoid  vaccine  could  be  elicited 
with  1  mg.  dosage,  which  is  in  itself  many  times  the  accepted  maintenance  level,  it  was 
decided  to  try  a  larger  dosage.  Four  rats  were  treated  with  4  mg.  daily  dosage  of  desoxycorti¬ 
costerone  acetate,  and  then  injected  with  typhoid  vaccine.  These  4  likewise  died  within  24 
hours. 

Twenty-four  animals  were  treated  with  ACE  (adrenal  cortex  extract).  Only  one  animal 
died  as  a  result  of  the  typhoid  vaccine  injection.  The  remainder  showed  no  ill  effects  other 
than  an  occasional  transient  period  of  inactivity  immediately  following  the  injection.  Four 
animals  in  this  group  received  2  injections  of  the  vaccine  with  impunity.  At  the  end  of 
the  20-day  observation  period,  the  animals  in  the  ACE  treated  group  appeared  vigorous, 
although  somewhat  below  the  expected  weight  for  Wistar  rats  of  their  age.  The  results 
are  summarized  in  table  i. 


Table  i.  Results  of  injecting  typhoid  vaccine  into  adrenalectomized  rats 


Treatment 

No. 

Died  in 

Severe 

No  effects 

Received  2nd 

Died  from  2nd 

rats 

24  hr. 

prostration 

from  injection 

vaccine  inject. 

vaccine  inject. 

Desoxycorticosterone 
acetate  1  mg.  daily 
Desoxycorticosterone 

20 

10 

6 

4 

4 

3 

acetate  4  mg.  daily 
Adrenal  cortex  extract 

4 

4 

2  cc.  daily 

14 

* 

0 

13 

4 

0 

Discussion.  These  results  indicate  that  desoxycorticosterone  acetate  is  devoid  of  the 
ability  to  increase  the  lowered  resistance  of  adrenalectomized  rats  to  typhoid  vaccine. 
This  finding  is  surprising  in  view  of  the  fact  that  in  other  respects  the  substance  closely 
duplicates  the  action  of  potent  extracts.  The  absence  of  toxic  symptoms  and  almost  complete 
survival  of  the  ACE  treated  group  point  toward  a  qualitative  difference  in  the  synthetic 
and  natural  products.  The  assumption  may  therefore  be  made  that  the  adrenal  cortex  and 
its  extracts  contain  a  substance  different  from  desoxycorticosterone  acetate  and  endowed 
with  the  property  of  maintaining  normal  resistance  to  bacterial  toxins  and  other  harmful 
agents. 

Clinically,  desoxycorticosterone  acetate  is  being  used  with  remarkable  success  in 
Addison’s  disease.  In  experimental  adrenal  insufficiency  treated  with  adequate  doses,  blood 
and  tissue  constituents,  and  capacity  for  muscular  work  are  maintained  at  normal  levels, 
and  it  is  therefore  assumed  that  substitution  therapy  is  complete.  That  this  is  not  altogether 
true  can  be  concluded  from  the  type  of  experiment  described  above.  Doses  of  typhoid 
vaccine,  to  which  the  normal  rat  is  immune,  throw  these  animals  into  severe  states  of 
prostration  leading  in  the  majority  of  instances  to  rapid  death.  It  will  be  interesting  to  note 
whether  Addisonian  patients  receiving  synthetic  cortical  hormone  develop  toxic  or  critical 
symptoms  during  the  course  of  bacterial  infections  such  as  abscesses,  influenza,  and  the 
like.  Until  clinical  data  is  available  in  this  regard,  extracts  of  the  adrenal  cortex  are  indicated 
in  the  presence  of  infections  that  are  known  to  tax  the  low  resistance  of  such  patients. 

Summary.  Adrenalectomized  rats,  when  given  desoxycorticosterone  acetate  in  doses 
as  high  as  4  mg.  daily,  showed  no  resistance  to  typhoid  vaccine,  a  bacterial  product  to  which 
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normal  rats  are  particularly  insensitive.  The  majority  of  animals  were  thrown  into  states 
of  severe  prostration  leading  quickly  to  death.  Another  group  of  adrenalectomized  rats, 
treated  with  2  cc.  daily  doses  of  adrenal  cortex  and  injected  with  similar  doses  of  typhoid 
vaccine,  were  surprisingly  free  of  toxic  effects  and  practically  uniform  in  survival.  It  may 
therefore  be  concluded  that  desoxycorticosterone  acetate  does  not  maintain  resistance  at  a 
normal  level  in  the  adrenalectomized  rat,  and  that  the  function  of  the  adrenal  cortex  in  this 
respect  is  exerted  by  a  substance  different  from  desoxycorticosterone  acetate  and  present 
in  pr*tent  extracts  of  the  gland. 

INFLUENCE  OF  UTERINE  AND  OVARIAN 
NERVES  ON  LACTATION 

JOHN  S.  LABATE* 

Recent  studies  on  the  physiology  of  lactation  have  revealed  that  the  ovarian  hormones 
are  primarily  responsible  for  the  growth  of  the  mammary  glands  and  that  a  hypo- 
^  physial  hormone,  prolactin,  produces  active  secretion.  It  is  not  known  whether 
autonomic  nerve  stimuli,  originating  from  the  ovaries  or  mammary  gland,  have  any  influence 
on  the  production  of  the  lactation  hormone.  That  some  genito  — ^pituitary  —►mammary  nerv¬ 
ous  pathway  may  exist  is  suggested  by  the  work  of  various  investigators.*'*. 

The  present  study  was  conducted  in  an  effort  to  demonstrate  the  role  played,  in  the 
initiation  of  lactation,  by  the  autonomic  nerves  supplying  the  ovaries,  uterus,  and 
hypophysis. 

Method.  Five  mature  female  rabbits,  weighing  1.9  to  4  kg.,  were  used.  Three  of  these 
animals  were  used  as  controls  and  allowed  to  become  pregnant.  During  pregnancy,  obser¬ 
vations  on  the  growth  of  the  mammary  glands  were  recorded  daily.  On  the  25th  day  of  preg¬ 
nancy,  under  sodium  amytal  anesthesia,  a  laporotomy  was  performed  and  the  fetuses  and 
placentas  were  expressed  manually  through  the  cervix.  Daily  observations  on  the  mam¬ 
mary  glands  were  continued  during  the  postoperative  period.  The  time  of  onset,  the  period 
of  maximum  lactation  and  the  duration  of  active  lactation  were  determined  by  means  of 
palpation,  manual  expression  of  milk  and  by  biopsy  of  the  mammary  gland.  The  mothers 
were  allowed  to  nurse  their  litters  during  this  period. 

In  two  other  female  rabbits,  12  and  17  days  respectively  before  mating,  careful  peri¬ 
arterial  sympathectomy  of  the  aorta,  vena  cava,  iliac  and  ovarian  vessels  was  performed. 
The  superior  hypogastric  plexus  was  completely  excised  and  the  triangular  space  between 
the  iliac  vessels  below  the  bifurcation  of  the  aorta  (interiliac  zone)  was  denuded  of  all  nerve 
and  connective  tissue.  The  lumbar  sympathetic  trunk  from  L6  to  L7  was  excised  on  each 
side.  A  slit  was  made  in  each  broad  ligament  close  to  the  cervix  uteri  in  order  to  interrupt 
nerve  fibers  in  this  region. 

Following  a  postoperative  convalescence  of  12  and  17  days,  during  which  time  complete 
recovery  occurred,  the  animals  were  allowed  to  mate.  A  Caeserian  section  was  performed 
on  the  25th  day  of  pregnancy  (27  and  32  days  after  sympathectomy)  and  daily  observations 
and  biopsy  of  the  mammary  glands  made  as  in  the  control  animals. 

Results.  Effect  on  lactation.  No  apparent  differences  were  noted  between  the  control  and 
sympathectomized  rabbits.  In  each  group  milk  could  be  expressed  from  the  nipples  within 

•  From  the  Department  of  Anatomy,  and  the  Department  of  Obstetrics  and  Gynecology,  New 
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24  hours  after  the  fetuses  and  placentas  had  been  removed.  The  maximum  milk  production, 
as  determined  by  expression,  biopsy  and  observations  of  the  contour  of  the  mammary 
glands,  was  found  to  occur  within  72  to  93  hours  in  both  groups.  Lactation  ceased  in  both 
the  control  and  sympathectomized  animals  within  30  to  36  days  after  Caeserian  section. 

Effect  on  pregnancy  and  ovulation.  Removal  of  nervous  pathways  to  the  uterus,  tubes 
and  ovaries,  in  the  manner  described  in  this  report,  did  not  alter  the  animals’  normal  sex 
behavior.  All  of  the  female  rabbits,  both  in  the  sympathectomized  and  control  groups,  took 
the  male  well.  Pregnancy  supervened  in  both  groups  of  animals  following  the  first  mating 
Ovulation,  therefore,  can  be  considered  to  have  been  undisturbed  by  sympathectomy. 

Pregnancy  continued  uneventful  and  normal  in  both  groups.  At  the  time  of  Caeserian 
section  the  uteri,  in  both  the  control  and  sympathectomized  rabbits,  were  normally  de¬ 
veloped  for  the  period  of  gestation.  No  difference  in  the  number  of  fetuses,  and  spacing  of  the 
fetuses  was  noted. 

Following  delivery  all  of  the  rabbits  showed  normal  nursing  instincts  toward  their 
young.  Nests  were  properly  maintained  and  the  rabbits  showed  interest  in  their  litters. 

Discussion.  Langley  and  Anderson-  were  unable  to  demonstrate  the  presence  of  sacral 
parasympathetic  nerve  fibers  to  the  rabbit’s  uterus.  On  this  basis,  therefore,  one  may  assume 
that  the  nerves  to  the  uterus,  tubes  and  ovaries  were  completely  destroyed  by  the  opera¬ 
tion  described  in  this  report.  The  observations  suggest  that  the  presence  of  an  intact  auto¬ 
nomic  nerve  supply  to  the  uterus,  tubes  and  ovaries  is  not  essential  for  the  initiation  and 
maintenance  of  lactation  in  the  mammary  gland. 

Bacq'  observed  deficient  lactation  in  a  single  rat  in  which  both  abdominal  sympathetic 
chains  were  removed.  The  animal  remained  in  good  condition  and  21  days  later  gave  birth 
to  8  normal  offspring. 

Four  other  rats  in  which  Bacq  removed  both  abdominal  sympathetic  chains  showed 
no  alteration  in  either  estrous  cycle,  fecundation,  gestation,  labor  or  lactation.  In  one  rat 
both  abdominal  and  the  right  thoracic  sympathetic  chains  were  removed  and  no  difference 
could  be  detected  between  the  right  and  left  mammary  glands.  Two  rats  in  which  the 
superior  mesenteric  plexus  was  removed  and  two  in  which  the  superior  mesenteric  plexus 
4nd  the  abdominal  sympathetic  chains  were  removed  showed  no  alteration  in  sex  behavior 
or  lactation. 

Simeone  and  Ross*®  performed  partial  sympathectomies  on  13  cats  and  one  dog  and 
total  sympathectomies  on  4  cats  according  to  the  methods  carried  out  in  Cannon’s  laboratory. 
The  partial  sympathectomies  included;  (a)  removal  of  both  lumbosacral  chains  from  the  level 
of  the  diaphragm  to  the  last  pelvic  ganglion  inclusively  in  6  cats  (in  3  of  these  the  right 
adrenal  gland  was  removed  and  the  left  denervated);  (b)  excision  of  both  stellate  ganglia 
in  3  animals;  (c)  removal  of  the  entire  left  paravertebral  sympathetic  chain  and  the  right 
abdominal  sympathetic  chain.  “With  one  exception,  total  or  partial  sympathectomy  was 
found  to  have  no  detectable  influence  on  the  histological  appearance  of  the  mammary  glands 
during  gestation  and  lactation."  The  only  positive  changes  that  could  be  attributed  to  sym¬ 
pathetic  denervation  of  the  breasts  were  obtained  in  one  cat,  which  had  had  both  lumbo¬ 
sacral  sympathetic  chains  removed  from  the  level  of  the  diaphragm  to  the  last  pelvic  ganglion 
inclusively,  which  went  beyond  term  with  oversized  postmature  fetuses  and  suffered 
rupture  of  its  uterus.  In  this  animal  striking  histological  differences  were  found  between  a 
thoracic  and  an  abdominal  breast  excised  during  the  sixth  week  of  pregnancy.  However, 
there  were  no  gross  differences  detectable  between  any  of  the  mammary  glands.  These 
differences  in  the  histologic  appearance  of  the  mammary  glands  in  the  sixth  week  of  gesta¬ 
tion  should  not  be  taken  as  conclusive  evidence  that  lactation,  in  this  animal,  would  have 
been  abnormal  following  delivery.  The  histological  observations  would  have  been  more 
valuable  if  they  could  have  been  combined  with  observations  on  the  character  and  quantity 
of  milk  secreted  in  the  postpartum  period. 

The  sympathetic  system  is  primarily  an  emergency  system  and  its  effects  may  not  be 
evident  unless  such  an  emergency  arises.  The  failure  to  establish,  during  normal  physio¬ 
logical  processes,  any  relationship  between  the  process  of  lactation  and  activity  of  auto- 
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nomic  nerves,  supplying  the  female  pelvic  organs,  should  not  lead  to  the  conclusion  that  such 
autonomic  reflexes  never  play  any  role  in  lactation.  There  is  certain  evidence  against  such 
an  assumption. 

Cannon  and  Bright*  observed  that  sympathectomy,  after  a  long  interval  had  elapsed, 
may  disturb  lactation.  Their  first  observation  was  made  on  a  bitch  which  had  been  deprived 
of  her  sympathetic  nervous  system  in  three  stages.  She  gave  birth  to  9  pups  6  months  after 
the  last  operation.  The  pups  began  to  die  soon  after  birth  and  only  one  survived.  On  examin- 
ing  the  mother  the  milk  in  her  breasts  was  found  to  be  “slight  in  amount  and  of  a  thick 
viscid  fluid,  with  the  consistency  of  thick  cream.”  Six  months  later,  that  is,  12  months 
after  sympathectomy  was  complete,  the  sympathectomized  dog  gave  birth  to  9  more  pups 
which  all  died  within  2  days.  “Examination  of  the  mother’s  breasts  gave  no  evidence  of  any 
milk  being  secreted.”  Her  maternal  instincts,  however,  seemed  fully  developed.  Their 
second  observation  was  on  a  cat  from  which  the  last  of  the  sympathetic  had  been  removed 
20  months  before  she  gave  birth  to  3  kittens.  The  mammae  in  this  animal  were  unprepared 
for  lactation.  The  areolae  remained  flat  and  the  nipples  small  and  slender.  “Associated  with 
this  condition  was  a  remarkable  indifference  of  the  mother  to  her  young,  with  regard  to 
the  function  of  lactation.”  Cannon  and  Bright  conclude  that  “sympathectomy  does  not 
interfere  with  the  processes  of  reproduction  in  the  female,  but  that  it  may  disturb  lactation, 
and  that  in  the  cat  and  dog  the  disturbances  are  more  profound  the  longer  the  time  after 
the  sympathetic  system  is  extirpated.” 

In  spite  of  the  large  number  of  animals  which  have  had  either  portions  or  the  whole 
of  the  sympathetic  nerve  supply  destroyed,  only  3  (a  dog  and  a  cat  reported  by  Cannon  and 
Bright  and  a  rat  reported  by  Bacq)  have  shown  any  deficiency  in  lactation  following  de¬ 
livery.  Another  cat  (Simeone  and  Ross)  showed  histological  differences  between  a  thoracic 
and  an  abdominal  breast  but  since  this  cat  died  no  observations  were  made  on  lactation 
following  delivery.  It  appears,  therefore,  that  sympathetic  denervation  of  the  pelvic  organs 
is  followed  only  rarely  by  any  disturbance  in  lactation.  But  before  these  positive  observations 
can  be  credited  to  the  effect  of  sympathectomy  and  not  regarded  as  coincidental,  exact  data 
on  lactation  must  be  procured  in  a  large  group  of  normal  laboratory  animals. 

Selye*  *  and  Selye,  Collip  and  Thomson^  found  that,  although  Caeserian  section  in  the 
rat  is  normally  followed  by  lactation,  milk  secretion  does  not  occur  if  the  uterus  is  filled  with 
paraflEn  immediately  after  the  fetuses  have  been  removed.  They  also  noted  that  distention 
inhibits  the  involution  of  the  corpus  luteum  of  pregnancy  and  prevents  the  occurrence  of 
estrus  in  the  rat.  The  simple  act  of  distention  may  act  as  a  nonphysiological  emergency 
and  may  bring  into  play  nervous  influences  which  otherwise  would  not  occur.  Some  reflex 
nervous  connection  with  the  hypophysis  is  suggested  further  by  the  observation  by  Selye, 
Collip  and  Thomson^  that  suckling  or  manipulation  of  the  nipples  with  the  fingers  may 
postpone  involution  of  the  mammary  glands  after  weaning. 

Selye  and  McKeown*  *  *  were  able  to  produce  a  condition  resembling  pseudopregnancy 
in  adult  nonpregnant  female  rats  by  the  mechanical  irritation  of  the  nipple  produced  by  an 
actively  suckling  litter.  TTjey  also  showed  that  in  both  the  rat  and  mouse  the  mechanical 
irritation  of  the  nipple  produced  by  an  actively  suckling  litter  led  to  full  development  of 
the  mammary  gland.  They  conclude  that  the  interruption  of  sexual  cyclicity  during  lactation 
is  a  result  of  the  nervous  stimulation  of  the  nipple  by  nursing  and  not  due  to  the  secretory 
activity  of  the  mammary  gland. 

Summary.  TTiree  control  rabbits  were  allowed  to  become  pregnant.  On  the  25th  day  of 
pregnancy  a  Caeserian  section  was  performed  and  the  onset  and  duration  of  lactation  was 
carefully  observed.  Two  female  rabbits  were  sympathectomized  by  removing  all  the  known 
sympathetic  pathways  to  the  uterus,  tubes  and  ovaries.  They  were  allowed  to  become 
pregnant  and  then  treated  as  the  control  rabbits.  Section  was  performed  27  and  32  days 
after  sympathectomy.  No  differences  in  the  onset  and  duration  of  lactation  was  noted  be¬ 
tween  the  two  groups.  Both  groups  showed  normal  reproductive  instincts. 


